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Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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NATIONAL FOREWORD 

This Indian Standard which is identical with lEC/PAS 62293 (2001) 'Qualification and performance 
specification for high density interconnect (HDI) layers or boards' issued by the International Electrotechnical 
Commission (lEC) was adopted by Uic Bureau of Indian Standards on the recommendations of the Printed 
Circuits Sectional Committee and approval of the Electronics and Telecommunication Division Council. 

The text of the lEC/PAS document has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words Tntemational Standard' appear referring to this standard, they should be read as 
'Indian Stsmdard' 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current practice is to use 
a point (.) as tire decimal marker. 

Only the English text of the International Standard has been retained while adopting it as an Indian Standard, 
and as such the page numbers given here are not the same as in EC Publication. 

The Technical Committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and has decided that these are acceptable for use in conjunction with this 

standard: 

lPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits 

IPC-PC-90 General Requirements for Implementation of Statistical Process Control 

IPC~FC-23 1 Flexible Base Dielectrics for Use in Flexible Printed Wiring 

IPC-FC-232 Adhesive Coaled Dielectric Films for Use a Cover Sheets for Flexible Printed Wiring and 

Flexibile Binding Films 
IPC-FC-241 Flexible Metal-Clad Dielectrics for Use in Fabrication of Flexible Printed Wiring 
IPC-Al-642 User's Guidelines for Automated Inspection of Artwork, Inncrlayers, and Unpopulated 

PWBs 
IPC-TM-650 Test Methods Manual 

lPC-ET-652 Guidelines and Requirements for Electrical Testing of Unpopulated Printed Boards 
IPC-CC-830 Qualification and Performance of Electrical Insulating Compound for Printed Board 

Assemblies 
IPC-222 1 Generic Standard on Printed Board Design 

IPC-2226 Sectional Design Standtird for Organic High Density Inlcrcormect (HDI) 

lPC-4101 Specification for Base Materials for Rigid and Multilayer Printed Boards 

IPC-4104 Specification for High Density Interconnect (HDI) and Microvia Materials 

IPC-60 1 1 Generic Performance Specification for Printed Boards 

IPC-60 12 Qualification and Performance Specification for Rigid Printed Boards 

IPC-60 1 3 Qualification and Performance Specificafion for Flexible Printed Boards 

lPC-60 1 5 Qualification and Performance Specificafion for Organic Multichip Module (MCM-L) 

Mounting and Interconnecting Structures 
IPC-60 1 8 Microwave End Product Board Inspection and Test 

lPC-772 1 Repair and Modification of Printed Boards and Electronic Assemblies 

J-STD-003 Solderability Tests for Printed Boards 
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Indian Standard 

QUALIFICATION AND PERFORMANCE 

SPECIFICATION FOR HIGH DENSITY INTERCONNECT 

(HDI) LAYERS OR BOARDS 



1 SCOPE 

This specification establishes the specific requirements for 
organic high-density interconnect (HDI) layers with 
microvia technology and the quality and reliabihty assur- 
ance requirements that must be met for their acquisition. 

1.1 Purpose The requirements contained herein are 
intended to reflect the electrical, mechanical, and environ- 
mental properties unique to the HDI layer. It is NOT 
intended to specify overall requirements for the core, 
which are ah-eady documented in the sectional performance 
specifications: IPC-6012 (rigid), IPC-6013 (flex), IPC-6015 
(MCM-L), or IPC-6018 (microwave). 

1.2 Performance Classirication This specification rec- 
ognizes HDI layers or boards will be subject to variations 
in performance requirements based on end use. The accep- 
tance criteria of HDI layers are organized into slash sheet 
categories (A, B, C, etc., see Appendix A), which reflect 
those typical end-use applications. Users of this document 
shall select a slash sheet category that most closely 
resembles their product and are encouraged to modify it as 
necessary. 

1.3 Slash Sheet Categories 

A. Chip Carrier 

B. Hand Held (cell phones, pagers) 

C. High Performance (avionics, military, medical) 

D. Harsh Environment (automotive, space) 

E. Portable (laptops, PDAs) 

1.4 Documentation Hierarchy This document, com- 
bined with IPC -60 11 and the applicable sectional perfor- 
mance specification(s) (IPC-6012, IPC-6013, IPC-6015 or 
lPC-6018), constitute a qualification and performance 
specification for HDI layers or boards. 

2 APPLICABLE DOCUMENTS 

The following specifications of the revision in eff^ect at the 
time of order form a part of this document to the extent 
specified herein. If a conflict of requirements exists 
between IPC -6016 and the listed applicable documents, 
IPC-6016 shall take precedence. 

2.1 IPC 

IPC-T-50 Terms and Definitions for Interconnecting and 
Packaging Electronic Circuits 



IPC-PC-90 General Requirements for Implementation of 
Statistical Process Control 

iPC-FC-231 Hexible Base Dielectrics for Use in Flexible 
Printed Wiring 

iPC-FC-232 Adhesive Coated Dielectric Films for Use as 
Cover Sheets for Flexible Printed Wiring and Flexible 
Binding Films 

IPC-FC-241 Flexible Metal-Clad Dielectrics for Use in 
Fabrication of Flexible Printed Wiring 

IPC-At-642 User's Guidelines for Automated Inspection of 
Artwork, Innerlayers, and Unpopulated PWBs 

IPC-TM-650 Test Methods ManuaF 

2.1.1 Microsectioning 

2.1.1.2 Microsectioning — Semi or Automatic Technique 
Microsection Equipment (Alternate) 

2.4. 1 Adhesion, Tape Testing 

2.4.8 Peel Strength of Metallic Clad Laminates 

2.4.21.1 Bond Strength, Surface Mount Lands Perpen- 
dicular Pull Method 

2.4.22 Bow and Twist 

2.5.7 Dielectric Withstanding Voltage, PWB 

2.6.3 Moisture and Insulation Resistance, Printed 

Boards 

2.6.7.2 Thermal Shock, Continuity and Microsection, 
Printed Boards 

2.6.8 Thermal Stress, Plated-Through Holes 

2.6.8.1 Thermal Stress, Laminate 

2.6.20 Assessment of Plastic Surface Mount Compo- 
nents for Susceptibility to Moisture/Reflow 
Induced Damage 

IPC-ET-652 Guidelines and Requirements for Electrical 
Testing of Unpopulated Printed Boards 

IPC-CC-830 Qualification and Performance of Electrical 
Insulating Compound for Printed Board Assemblies 



1. IPC, 2215 Sanders Road, Northbrook, IL 60062-6135 

2. For convenience, applicable test methods are reprinted in the back of this standard. They represent the latest method in effect at the time of publication. Test 
methods may be updated independent of standard revision. Users shoukJ check the IPC website (www.ipc.org) for the most current test method available. 
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IPC-2221 Generic Standard on Printed Board Design 

IPC-2226 Sectional Design Standard for Organic High 
Density Interconnect (HDI) 

IPC-4101 Specification for Base Materials for Rigid and 
Multilayer Printed Boards 

IPC-4104 Specification for High Density Interconnect 
(HDI) and Microvia Materials 

IPC-6011 Generic Performance Specification for Printed 
Boards 

IPC-6012 Qualification and Performance Specification for 
Rigid Printed Boards 

IPC-6013 Qualification and Performance Specification for 
Flexible Printed Boards 

lPC-6015 Qualification and Performance Specification for 
Organic Multichip Module (MCM-L) Mounting and Inter- 
connecting Structures 

IPC-6018 Microwave End Product Board Inspection and 

Test 

IPC-7721 Repair and Modification of Printed Boards and 

Electronic Assemblies 

2.2 Joint Industry Standards'* 

J-STD-003 Solderability Tests for Printed Boards 

3 REQUIREMENTS 

3.1 General Printed boards with HDI layers furnished 
under this specification shall meet or exceed all of the 
requirements of this document and applicable slash sheet or 
as modified by the prociu-ement documentation. 

3.1.1 Terms and Definitions The definition of terms 
used herein shall be as specified in IPC-T-50 or as hsted in 
3.1.1.1 through 3.1.1.4. 

3.1.1.1 Target Land The land on which the microvia 
ends and makes connection. 

3.1.1.2 Capture Land The land where the microvia 
starts, and varies in shape and size based on use (i.e., com- 
ponent mounting, via entrance conductor, etc.) 

3.1.1.3 Microvia Processed/plated hole < 0.15 mm diam- 
eter (this specification can also be used for layers or boards 
where vias are > 0.15 mm diameter). 



3.1.1.4 Core A single-sided, double-sided or multilayer 
board or flex circuit that is used as a carrier for HDI layers 
and meets the requirements of one of the following perfor- 
mance specifications: IPC-6012, IPC-6013, IPC-6015 or 
IPC-6018. 




Figure 3-1 IVpical Microvia Structure 
3.2 Materials 

3.2.1 Rigid Laminates Rigid reinforced laminates, clad 
and unclad, shall be as specified on the procurement docu- 
mentation and shall be selected from IPC-4101 or IPC- 
4104. The type and metal thickness shall be as specified on 
the procurement documentation. 

3.2.2 Flexible Films Flexible films, metal clad and 
unclad, shall be as specified on the procurement doctmien- 
tation and shall be selected from IPC-FC-231, IPG-FC-232 
and IPC-FC-241. The type and metal thickness shaU be as 
specified on the procurement documentation. 

3.2.3 Bonding Materials Bonding materials shall be as 
specified on the procurement documentation and shall be 
selected from IPC-FC-232 and IPC-4101. 

3.2.4 Other Dielectric and Conductive Materials Other 
materials shaU be selected from IPC-4104 or as specified 
on the procurement documentation. 

3.2.5 Metal Foils Metal foil materials shall be selected 
in accordance with the sectional performance specification 
for the applicable core board (i.e., IPC-6012 or IPC-6013). 

3.2.6 Metallic Plating and Coatings The final circuit 
finish and other depositions shall be selected in accordance 
with and meet the requirements established in the appli- 
cable sectional performance specification (i.e., IPC-6012, 
IPC-6013, etc.). The minimum thickness of plated copper 
in the nucrovia shall be 10 fan. The minimum thickness of 
conductive material in microvias, which are formed and 
made conductive by a process that is significandy different 
from conventional plated-through hole constructions (i.e., 
non-plated copper processes), shall be as specified on the 
procurement documentation. 
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3.2.7 Solder Resist Solder resist material shall be 
selected in accordance with the applicable sectional perfor- 
mance specification (i.e., IPC-6012, IPC-6013, etc.). 

3.2.8 Marking Inlts Marking inks shall be selected in 
accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 

3.2.9 Hole Fill Material When required, the material 
used for hole fill shall be selected from IPC-4104 or as 
specified on the procurement documentation. Hole fill 
material shall provide a planar surface and survive perfor- 
mance testing as the product requires without lifting or 
cracking the dielectric layer. 

3.3 Visual Examination Finished boards using HDI lay- 
ers shall be examined in accordance with the following 
procedure. They shall be of uniform quaUty and shall con- 
form to 3.3.1 through 3.3.7. 

Visual examination of the circuits for applicable dimen- 
sional or workmanship attributes shall be conducted at 30X 
minimum. 

3.3.1 Edges Nicks or halos on finished board edges shall 
be acceptable provided the penetration does not bridge 
adjacent conductors or reduce the spacing requirements 
below the minimum specified on the procurement docu- 
mentation. Nonconductive burrs along the edges of the fin- 
ished board shall be acceptable. 

3.3.2 Surface Dielectric Imperfections Pits or surface 
voids are acceptable provided they do not bridge conduc- 
tors or reduce the spacing requirements below the mini- 
mum specified on the procurement documentation. 

Scratches, dents, or tool marks are acceptable provided 
they do not penetrate to a depth that reduces the dielectric 
thickness below the minimum specified on the procurement 
documentation. 

3.3.3 Lifted Lands The finished HDI layer or board shall 
not exhibit any lifted lands. 

3.3.4 Marking Markings shall be in accordance with the 
appUcable sectional performance specification (i.e., IPC- 
6012, IPC-6013, etc.). 

3.3.5 Soiderability Solderability of surfaces shaU be in 
accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 

3.3.6 Adhesion 

3.3.6.1 Metal to Metal Adhesion The adhesion of the 
plating shall be tested in accordance with IPC-TM-650, 
Method 2.4.1, using a strip of pressure sensitive tape 



applied to the surface and removed by manual force 
appUed perpendicular to the circuit pattern. 

There shall be no evidence of any portion of the plating or 
the conductor pattem being removed, as shown by particles 
of the plating or pattem adhering to the tape. If overhang- 
ing metal breaks off (sliver) and adheres to the tape, this is 
not evidence of plating adhesion failure. 

3.3.6.2 Metal to Dielectric Adhesion Peel strength test- 
ing shall be performed in accordance with IPC-TM-650, 
Method 2.4.8, if not supplied in the laminate certification. 
Type and frequency of test shall be specified on the pro- 
curement documentation. Peel strength shall meet the 
value specified on the a|q>Ucable slash sheet. 

3.3.6.3 Dielectric to Core Adhesion Thermal stress test- 
ing shall be performed in accordance with IPC-TM-650, 
Method 2.6.8.1. There shall be no evidence of delamina- 
tion or blistering. 

3.3.7 Workmanship HDI layers or boards shall be pro- 
cessed in such a manner as to be uniform in quality and 
show no visual evidence of dirt, foreign matter, oil, finger- 
prints, flux residue, and other contaminants that affect life, 
ability to assemble, and serviceability. Darkened appear- 
ance in non-plated holes, which is seen when the noiune- 
talhc semi-conductive coating is used, is not foreign matter 
and does not affect life or function. 

HDI layers or boards shall be free of defects in excess of 
those allowed in this specification. There shall be no evi- 
dence of any lifting or separation of platings from the sur- 
face of the conductive pattem, or of the conductor from the 
base laminate in excess of that allowed. There shall be no 
loose plating slivers on the surface of the HDI layer or 
board. 

3.4 Dimensional Requirements All dimensional charac- 
teristics shall be as specified on the procurement documen- 
tation. 

The accuracy, repeatability, and reproducibility of the 
equipment used to verify the characteristics of HDI layers 
or boards should be 10% or less of the tolerance range of 
the dimensions being verified. A measurement system 
evaluation shall be performed on each gauging system (see 
IPC-9191). 

Automated inspection technology is allowed provided it 
meets requirements for repeatability (see IPC-AI-642). 

3.4.1 Hole Pattern Accuracy The accuracy of the hole 
pattem on the HDI layer or board shall be as specified on 
the appropriate specification slash sheet. 

3.4.2 Registration (Internal) 

3.4.2.1 Microvia to Target Land Breakout at the target 
land is allowed up to 180°. Breakout, if it occurs, shall 
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neither reduce the intended contact area (at the target land) 
below that specified on the applicable slash sheet nor 
reduce the minimum electrical spacing below that specified 
on the procurement documentation. Registration measure- 
ments at the target land may (at the supphers option) be 
determined during microsection evaluation (see 3.6) or by 
another method as agreed upon between supplier and user. 

Note: If using an ablation-type process, tangency may be 
required as a minimum (due to potential reduction in 
dielectric separation). 

3.4.2.2 Plated-Through Holes Internal registration for 
plated-through holes shall be in accordance with the appli- 
cable sectional performance specification (i.e., IPC-6012, 
IPC-6013, etc.). 

3.4.3 Annular Ring (External) 

3.4.3.1 Capture Land to Microvia Capture lands shall 
have tangency at a minimum. Breakout is not allowed, 
unless the design and procurement documentation specify 
(i.e., landless microvia). See Figure 3-2. 








\ 



Best 



Acceptable 



Not Allowed 



Figure 3-2 Capture Land Registration 

3.4.3.2 Plated-Through Holes External annular ring for 
plated-through holes shall be in accordance with the appli- 
cable sectional performance specification (i.e., IPC-6012, 
1PC-60I3, etc.). 

3.4.4 Bow and Twist Bow, twist, or any combination 
thereof, shall be as specified in the applicable slash sheet 
and tested in accordance with IPC-TM-650, Method 2.4.22. 

3.5 Conductor Definition All conductive surfaces on 
HDl layers or boards including conductors, lands and 
planes shall meet the visual and dimensional requirements 
of 3.5.1 through 3.5.3. Unless otherwise noted, visual 
examination of the circuits for applicable dimensional or 
workmanship attributes shall be conducted at 30X mini- 
mum. Other magnifications may be required by procure- 
ment documentation or specification. AOI inspection meth- 
ods are j)ermitted. 

3.5.1 Conductor Width Unless otherwise specified on 
the procurement documentation, reductions shall not 



reduce the conductor width by ftiore than that allowed on 
the respective slash sheet, 

3.5.2 Conductor Spacing Unless otherwise specified on 
the procurement documentation, reductions shall not 
reduce the conductor spacing by more than that allowed on 
the applicable slash sheet. 

3.5.3 Conductive Surfaces 

3.5.3.1 Nicks and Pinholes in Ground or Voltage 
Planes For nicks and pinholes in ground or voltage 
planes, the maximum size allowed shall be 150 fun for 
Class 2 and 3, with no more than two per side per 25 mm 
X 25 mm. 

3.5.3.2 Surface Mount Lands (Area for attachment such 
as solder, TAB, conductive adhesive) Defects such as 
nicks, dents, and pinholes along the edge of the land 
(length or width) shall not exceed that identified in the 
respective slash sheets. 

3.5.3.3 Wire Bond Surface Unless otherwise defined on 
the procurement documentation, the bond site area shall be 
free of defects such as nicks, scratches, dents, bumps, pits, 
and pinholes. Other requirements (i.e., surface smoothness, 
hardness, etc.) shall be as defined between user and sup- 
plier. 

3.5.3.3.1 Gold Plating Surface Wire bonding lands 
(gold plating surfaces) shall be free of any exposed nickel 
or copper 

3.5.3.3.2 Test Probe Dents Dents caused by test probes 
are acceptable when the bondable finish is not pierced and 
they do not violate wire bond adhesion requirements. Dents 
shall be no greater than 10 (un in diameter when examined 
under lOX magnification. 

3.5.3.3.3 Surface Contaminants Wire bond surfaces 
shall be free of any contaminants, dirt, dust, foreign mat- 
ter, and discolorations. 

3.5.3.3.4 Wire Bond Adhesion Plated bonding area shall 
be evaluated in accordance with IPC-TM-650, Method 
2.4.42.3, and capable of meeting the requirements of Table 
3-1 without incurring any of the following situations: 

a) Failure in bond (interface between wire and metalliza- 
tion) at substrate. 

b) Separation of metallization layer on the land area. 

c) Land is lifted from substrate. 

3.5.3.4 Edge Board Connector Lands Edge board con- 
nector lands shall be in accordance with the applicable 
sectional performance specification (i.e., IPC-6012, IPC- 
6013, etc.). 



4 
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Table 3-1 Wire Bond Adhesion Requirements 



Test Condition 


Wire composition 
and diameter 


Minimum 
bond strength 
(grams force) 


C or D 


AL18 
AU 18 


1.5 
2.0 


C or D 


AL25 
AU25 


2.5 
3.0 


C or D 


AL32 
AU32 


3.0 
4.0 


Cor D 


AL33 
AU33 


3.0 
4.0 


CorD 


AL38 
AL38 


4.0 
5.0 


CorD 


AL76 
AU76 


12.0 
15.0 



3.5.3.5 Conductor Edge integrity Conductor edges 
shall have no evidence of slivers when tested in accor- 
dance .IPC-TM-650, Method 2.4.1. 

3.5.3.6 Nonwetting For conductive surfaces intended to 
be soldered, nonwetting is not permitted. 

3.5.3.7 Final Finish Coverage Final finish coverage 
shall be in accordance with the applicable sectional perfor- 
mance specification (i.e., IPC-6012, IPC -6013, etc.). 

3.5.3.8 IVIicrovia in Land When microvias are employed 
as via-in-land technology, they shall be evaluated for 
acceptance as defined in the procurement documentation 
(i.e., coplanarity, solder wicking, entrapment). 

3.6 Structural integrity Structural integrity shall be 
evaluated on thermally-stressed test specimens or produc- 
tion boards using HDL 

Test specimens shall be representative of the part and 
agreed upon by user and supplier. 

3.6.1 Thermal Stress IVIethod Printed boards using HDI 
layers shall be preconditioned and tested in accordance 
with lPC-TM-650, Method 2.6.8, test condition B. The 
number of cycles shall be five (unless limited by the num- 
ber of stress cycles acceptable for the core board) or as 
specified on the appropriate slash sheet. 

3.6.2 Microsection Technique Following stress, HDI 
layers or boards shall be microsectioned by either of the 
two techniques outlined below or with another procedure 
agreed upon between user and supplier. 

Microseetioning shall be accomplished per IPC-TM-650, 
either Method 2.1.1 or 2.1.1.2, on boards using HDI as 
agreed to between user and supplier. A minimum of three 
holes or vias shall be inspected in the vertical cross sec- 
tion. The grinding and polishing accuracy of the microsec- 
tion shall be such that the viewing area of each of the three 
holes is within ± 10% of the diameter of the hole. 



Microvias shall be examined for plating integrity and inter- 
connection integrity at a magnification of 200X ± 5%. Ref- 
eree examinations shall be accomplished at a magnification 
of 400X ± 5%. Each side of the hole shall be examined 
independently. Examination for laminate thickness, foil 
thickness, plating thickness, lay-up orientation, lamination, 
plating voids, and so forth, shall be accomplished at mag- 
nifications specified above. 

Conventional plated-through holes shall be examined in 
accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 

3.6.3 Microvia Integrity (after Thermal Stress) 

3.6.3.1 Plating Integrity Plated-through holes, blind, 
and/or buried vias shall have no separation of plating lay- 
ers, no plating cracks, and internal interconnections shall 
exhibit no separation or contamination between plated hole 
wall and internal layers. Any additional requirements shall 
be detailed on the procurement documentation. 

3.6.3.2 Dielectric Integrity There shall be no dielectric 
voids that reduce dielectric separation (layer-to-layer or 
within the layer) below the minimum specified in the pro- 
ciffement documentation. 

3.6.3.3 Copper Plating Thickness Based on microsec- 
tion examination or the use of suitable electronic measiu-- 
ing equipment, copper plating thickness in the microvia 
shall be an absolute minimum of 10 nm, as specified on the 
respective slash sheet, or as stated in the procurement 
documentation. No voids are allowed. 

3.6.3.4 Fused Tin-Lead Plating and Solder Coating 

Fused tin-lead plating and solder coating, if used on the 
HDI layer, shall meet the solderability requirements of 
J-STD-003. Solder or reflowed tin-lead coverage does not 
apply to vertical conductor edges. 

3.6.3.5 Conductor Thickness Conductor thickness shall 
be greater than or equal to the minimum specified in the 
procurement documentation or > 80% of the nominal 
specified in the procurement dociunentation for all non-via 
surfaces. 

3.6.3.6 Dielectric Thickness The minimum dielectric 
thickness over circuitry shall be as specified in the prpciu-e- 
raent documentation. 

3.6.3.7 Microvia Contact Area Microvia contact area, as 
defined by the interface between the microvia and the tar- 
get land, shall Jiot be reduced by more than that allowed 
on the applicable slash sheet. Any non-conductive residues 
on the surface of the target land shall be considered part of 
the reduced contact area. Contact area may be determined 
by another method as agreed upon between supplier and 
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3.6.4 Filled Vias Buried vias and/or buried micro vias 
shall be filled and inspected in accordance with the pro- 
curement documentation. Blind vias on the external layers 
do not have any fill requirements. 

3.6.5 Lifted Lands 

3.6.5.1 Microvias The finished HDI board shall not 
exhibit any lifted microvia lands after thermal stress. 

3.6.5.2 Plated-Through Holes Plated-through holes on 
the finished HDI board can exhibit hfted lands after ther- 
mal stress provided the visual criteria of 3.3.3 are met. 

3.7 Other Tests Other test and requirements specific to 
HDI layers and boards may be required and should be 
called out in the apphcable slash sheets. 

3.7.1 Bond Strength, Unsupported Hole or Surface 
Mount Land A minimum of three unsupported holes or 
surface mount lands shall be tested in accordance with the 
following procedure. The surface mount land or land of an 
unsupported hole shall withstand 2 kg or kg/cm^ which- 
ever is less. 

Bond strength shall be performed in accordance with IPC- 
TM-650, Method 2.4.21.1, for surface mount lands. For the 
unsupported hole lands, the soldering and tensile pull 
method are the same as in IPC-TM-650, Method 2.4.21.1. 
Calculations of land area of the unsupported hole do not 
include the area occupied by the hole. 

3.8 Solder Resist (Solder Mask) Requirements Solder 
resist coverage shall be in accordance with the applicable 
sectional performance specification (i.e., IPC-6012, IPC- 
6013. etc.) and 3.8.1. 

3.8.1 Solder Resist Coverage Encroachment of solder 
resist shall not reduce the design dimension of any con- 
ductive feature by more than 10% or by 100 nm, whichever 
is less. Encroachment of solder resist onto flip chip attach- 
ment sites shall be as specified on the procurement docu- 
mentation. 

3.9 Electrical Properties When tested as specified 
below, the HDI layers and boards shaU meet the electrical 
requirements detailed in the following paragraphs. 

3.9.1 Circuitry HDI layers and boards shaU be tested in 
accordance to IPC-ET-652. 

3.9.1.1 Continuity Printed boards using HDI or qualifi- 
cation test boards shaU be tested in accordance with the 
following procedure. There shall be no circuits whose 
resistance exceeds that specified on the applicable slash 
sheet. The acceptability criteria for specialized conductors 
shall be specified on the procurement documentation. 



The current passed through the conductors shaU not 
exceed that specified in IPC-2221 and IPC-2226 for the 
smallest conductor in the circuit. For qualification, the test 
current shaU not exceed one ampere. HDI boards with 
designed resistive patterns shall meet the resistance 
requirements specified on the procurement documentation. 

Alternative test methods, agreed to by supplier and user, 
may be utilized to verify electrical integrity of HDI boards. 

3.9.1.2 Isolation HDI layers or qualification test boards 
shall be tested in accordance with the following procedure. 
The isolation resistance between conductors shall be 
greater than specified on the applicable slash sheet. 

The voltage applied between networks must be high 
enough to provide sufficient current resolution for the mea- 
surement. At the same time, it must be low enough to pre- 
vent arc-over between adjacent networks, which could 
induce defects within the product. The minimum applied 
test voltage shall be twice the maximiun rated voltage of 
the board. If the maximimi is not specified, the test voltage 
shall be 40 volts minimum. 

3.9.2 Dielectric Withstanding Voltage Applicable cou- 
pons tested as outlined in the applicable slash sheets shall 
meet the requirements of those same slash sheets without 
flashover, sparkover, or breakdown between conductors or 
conductors and lands. The dielectric withstanding voltage 
test shall be performed in accordance with IPC-TM-650, 
Method 2.5.7. The dielectric withstanding voltage shall be 
applied between all common portions of each conductor 
pattern and adjacent common portions of each conductor 
pattern. The voltage shall be applied between conductor 
patterns of each layer and the electrically isolated pattern 
of each adjacent layer. Unless otherwise defined on the 
procurement documentation, test voltages shall appear on 
the appropriate specification sheets. 

3.9.3 Insulation Resistance Test specimens shall be 
tested in accordance with the procedure outlined below. 
The insulation resistance shaU be no less than that shown 
on the respective slash sheets. 

Specimens shall be conditioned at 50° ± 5°C with no 
added humidity for a period of 24 hours. After cooling, the 
insulation resistance test shall be performed in accordance 
with the ambient temperature measurements specified in 
IPC-TM-650, Metiiod 2.6.3. 

3.10 Environmental HDI layers and boards shall meet 
the environmental requirements detailed in this section. 

3.10.1 Moisture and Insulation Resistance Test cou- 
pons shall be tested in accordance with the procedure out- 
lined below. The specimen shall not exhibit measling, bhs- 
tering, or delamination in excess of that allowed in the 
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applicable slash sheet. Insulation resistance shall meet the 
minimum requirements established in the slash sheets for 
that particular application. 

Testing of moisture and insulation resistance for HDI lay- 
ers and boards shall be performed in accordance with IPC- 
TM-650, Method 2.6.3. Conformal coating in accordance 
with IPC-CC-830, if specified, shall be applied to the 
external conductors prior to chamber exposure. Final mea- 
surements shall be made at room temperature within two 
hours after removal feom the test chamber. All layers shall 
have a 100 ± 10 volts DC polarizing voltage appUed dur- 
ing chamber exposure. 

3.10.2 Thermal Shock When specified, HDI boards or 
test specimens shall be tested for thermal shock in accor- 
dance with IPC-TM-650, Method 2.6,7.2, with temperature 
limits as specified in the applicable specification sheet. The 
specimen shall meet the circuitry requirements of 3.9.1.1. 
An increase of 10% or more in the resistance shall be con- 
sidered not acceptable. After the last cycle, the specimens 
shall be microsectioned and meet the requirements of 
3.6.3.1 and 3.6.3.2 and those of the appUcable slash sheet. 

3.10.3 Cleanliness Cleanliness shall be in accordance 
with the requirements of the applicable sectional perfor- 
mance specification (i.e., IPC-6012, IPC-6013, etc.). 

3.11 Special Requirements Only when specified on the 
procurement documentation, some or all of the special 
requirements listed in 3.11.1 through 3A1.6 shall apply. A 
special notation on the procurement documentation will 
designate which are required. 

3.11.1 Outgassing Outgassing shall be in accordance 
with the applicable sectional performance specification 
(i.e., IPC-6012, IPC-6013, etc.). 

3.11.2 Organic Contamination Organic contamination 
shall be in accordance with the applicable sectional perfor- 
mance specification (i.e., IPC-6012, IPC-6013, etc.). 

3.11.3 Fungus Resistance Fungus resisitance shall be 
in accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 



3.11.4 Vibration Vibration shall be in accordance with 
the applicable sectional performance specification (i.e., 
IPC-6012, IPC-6013, etc.). 

3.11.5 Mechanical Shock Mechanical shock shall be in 
accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 

3.11.6 Impedance Testing Impedance testing shall be in 
accordance with the applicable sectional performance 
specification (i.e., IPC-6012, IPC-6013, etc.). 

3.12 Repair Repair of bare HDI layers and boards shall 
be as agreed upon between supplier and user (see IPC- 
7721). 

4 QUALITY ASSURANCE 

4.1 General The requirements specific to HDI layers and 
boards are specified herein and include the Qualification 
Testing, Acceptance Testing, and Quality Conformance 
Testing. General Quality Assiurance Provisions are speci- 
fied in IPC-6011- Sampling Plan, Frequency, and additional 
requirements not specific to the HDI layers and boards are 
dociunented in the applicable sectional performance speci- 
fication (i.e., IPC-6012, IPC-6013, etc.). 

4.1.1 Inspection for Delivery Inspection of product for 
delivery shall be in accordance with the sqiplicable sec- 
tional performance specification (i.e., IPC-6012, IPC-6013, 
etc). If the applicable sectional performance specification is 
not defined by the presence of a core, the inspection of 
product for delivery shall be as defined on the procurement 
documentation. 

4.1.2 Referee Tests Two additional jnicrosection sets 
from the same panel may be prepared and evaluated for 
microsection defects that are considered to be isolated or 
random in nature or caused by microsection preparation. 
For acceptance, both referee sets must be defect free. 



Appendix A 
IPC-6016 End Use Application Slash Sheets (see 1.2 & 1.3) 



inspection 


Paragraph 


Parameter 


Default' 
Microvia PWB 


A 


B 


C 


D 


E 


insert Your 
Application 


'Please read the 

noted paragraph 

when R appears 

as the default 


Chip Carrier 


Hand Held 

Cell Phone 
Pagers 


High 
Performance 

Avionics / 
Military/ Medical 


Harsh 
Environment 

Automotive 
Space 


fonaDie 

PC's 
PDAs 


Describe: 


Materials 


3.2.1 - 3.2.5 


Mfr. Cert. 


As specified 














Metallic Plating & Coatings 


3.2.6 


^m 


Cu:>10; 
Others: As 
specified 


Cu: 10<x<25 
Electrolytic Ni: 

3<x< 12 
Electroless Ni: 

3<x< 7 

Electrolytic Au: 

0.5<x<1.5 

Electroless Au: 

0.5 <x 








Immersion Au: 
0.08 < x < 0.20 
Electroless Ni: 
1.30<x<5.00 




Solder Resist 


3.2.7 




As specified 














Marking Inks 


3.2.8 




As specified 














Hole Fill Material 


3.2.9 




As specified 














Edges 


3.3.1 


Visual 


R 


Burrs do not 

extend 25 mm 

beyond 












Surface Imperfections 


3.3.2 


Visual 


R 


No evidence of 

delamination, 

measles, or 

conductive 

foreign material 












Lifted Lands 


3.3.3 


Visual 


None allowed 














Marking 


3.3.4 


Visual 


As specified 


Completely legible 
from 30 cm 












Solderablllty 


3.3.5 


Visual 


As specified 


95% coverage 

of land with 

solder dip 


J-STD-003 










Adhesion 


3.3.6 


















Metal to Metal 


3.3.6.1 


Visual 


R 














Metal to Dielectric 


3.3.6.2 


kg/cm 


0.60 




0.90 






0.60 




Dielectric to Core 


3.3.6.3 


Visual 


R 














Workmanship 


3.3.7 


Visual 


R 
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Inspection 


Paragraph 


Parameter 


Default' 
Microvia PWB 


A 


B 


C 


D 


E 


Insert Your 
Application 


'Please read the 

noted paragraph 

when R appears 

as the default 


Chip Carrier 


Hand Held 

Cfil! F'hone 
Pagers 


High 
Performance 

Avionics / 
Military/ Medical 


Harsh 
Environment 

Automotive 
Space 


Portable 

PC's 
PDA's 


Describe: 


Hole Pattern Ace. 


3.4.1 


mm 


±0.08 














Registration (Intemal) 


3.4.2 


















Microvia Target Land 


3.4.2.1 


mm 


R 














Annular Ring (External) 


3.4.3 


















Capture Land Microvia 


3.4.3.1 


mm 


R 














Bow & Twist (Max) 


3.4.4 


%max 


0.75% 


Bds > 35 mm: 

< 0.4% 
Bds < 35 mm: 

< 0.3% 






0.6% 






Conductor Width 


3.5.1 


% reduction 


20% 


50% for 0.10 mm 
or more length 






25% 






Conductor Spacing 


3.5.2 


% reduction 


20% 


50% for any 
length 






25% 






Nicks & Pinholes 


3.5.3.1 


^im max. 


150 


< 33% of 
conductor width 

or length; 
< 0.010 mm deep 












Surface Lands 


3.5.3.2 


% max. 


20% 








10% 






Wire Bond Surface 


3.5.3.3 


Visual 


R 


... and even 












Gold Plating Surface 


3.5.3.3.1 


Visual 


R 














Test Probe Dents 


3.5.3.3.2 


\im max. 


10 














Contaminants 


3.5.3.3.3 


Visual 


R 


None 












Wire Bond Adhesion 


3.5.3.3.4 




R 














Edge Bond Connector 
Lands 


3.5.3.4 




As specified 














Conductor Edge Integrity 


3.5.3.5 


Visual 


No slivers 














Nonwetting 


3.5.3.6 


Visual 


R 














Final Finish Coverage 


3.5.3.7 


Visual 


As specified 














Microvia In Land 


3.5.3.8 




As specified 














Therrhal Stress 


3.6.1 


Cycles 


5 














Microvia Integrity 


3.6.3 


















Plating Integrity 


3.6.3.1 


Microsection 


R 














Dielectric Integrity 


3.6.3.2 


Voids/board 


As specified 








None 






Cu Plating Thickness 


3.6.3.3 


|im min. 


10 


10 < X < 25 






15 
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Inspection 


Paragraph 


Parameter 


Default' 
Microvia PWB 


A 


B 


C 


D 


E 


Insert Your 
Application 


■* Please read the 

noted paragraph 

when R appears 

as the default 


Chip Carrier 


Hand Held 

Cell Phone 
Pagers 


High 
Performance 

Avionics / 
Military/ Medical 


Harsh 
Environment 

Automotive 
Space 


Portable 

PC's 
PDA's 


Describe: 


Fused Trn-Lead 


3.6.3.4 


Microsection 


R 














Conductor Thickness 


3.6.3.5 




As specified 














Dielectric Thickness 


3.6.3.6 


mm 


As specified 








> 0.050 






Microvia Contact Area 


3.6.3.7 


Microsection 


50% 














Filled Vias 


3.6.4 


Microsection 


As specified 


Completely filled; 
Overfill < 0.5 mm 












Lifted Lands 


3.6.5 


















Microvlas 


3.6.5.1 


Microsection 


None allowed 














Plated-Through Holes 


3.6.5.2 


Microsection 


R 














Other Tests 


3.7 




R 














Bond Strength 


3.7.1 


kg 


2 














Solder Resist Coverage 


3.8.1 


Visual 


R 














Electrical Properties 


3.9 


















Continuity 


3.9.1.1 


ohms 


50 














Isolation 


3.9.1.2 


megohms 


10 














DWV 


3.9.2 


VDC 


1000 














Insulation Resistance 


3.9.3 


megohms 


>10 














Environmental 


3.10 


















Moisture & 
Insulation Resistance 


3.10.1 


megohms 


500 










10 Mn 

at 250 V 




Thennal Shock 


3.10.2 


ohms 


< 110% of 
starting 










< 120% 




Thermal Shock 
Temperature Limits 


3.10.2 


°C 


-65 to +125 


-55 to +125 








-25 to +115 




Cleanliness 


3.10.3 


ng/cm^ 


1.56 














Outgassing 


3.11.1 




As specified 














Organic Contamin. 


3.11.2 




As specified 














Fungus Resistance 


3.11.3 




As specified 














Vibration 


3.11.4 




As specified 














Mechanical Shock 


3.11.5 




As specified 














Impedance Testing 


3.11.6 




As specified 














Repair 


3.12 




As agreed 
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Pararneter 


Default^ 
Microvia PWB 


A 


B 


C 


D 


E 


Insert Your 
Application 


Viease read the 

noted paragraph 

when R appears 

as the default 


Chip Carrier 


Hand Held 

Cell Phone 
Pagers 


High 
Performance 

Avionics / 
Military/ Medical 


Harsh 
Environment 

Automotive 
Space 


Portable 

PC's 
PDA'S 


Describe: 


JPCA-BU01 Tests 




















CTE 




















Water Absorption 




















Drying 




















Ionic Impurity 


3.10.3 


















Impedance 


3.11.6 


















Flatness 


3.4.4 


















Peel Strength - Conductor 


3.3.6.2 


















Pull-Off Strength - Lands 


3.5.3.3.4 


















Thermal Resistance 


? 3.6.1 


















Thermal Shock - Air 


3.10.2 


















Bias Test (HIT/HiH) 




















HIT Shelf 
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METRIC CONVERSION TABLE 



micrometers 
(microns) 


mm 


inch 


Five DECIMAL PLACES 


0.05 


0.00005 


0.000002 


0.06 


0.00006 


0.000002 


0.07 


0.00007 


0.000003 


0.08 


0.00008 


0.000003 


0.09 


0.00009 


0.000004 


0.10 


0.00010 


0.000004 


0.11 


0.00011 


0.000004 


0.12 


0.00012 


0.000005 


0.13 


0.00013 


0.000005 


0.14 


0.00014 


0.000006 


0.15 


0.00015 


0.000006 


0.20 


0.00020 


0.000008 


0.25 


0.00025 


0.000010 


FOUR DEaMAL PLACES 


0.1 


0.0001 




0.2 


0.0002 


0.00001 


0.3 


0.0003 


0.00001 


0.4 


0.0004 


0.00002 


0.5 


0.0005 


0.00002 


0.6 


0.0006 


0.00002 


0.7 


0.0007 


0.00003 


0.8 


0.0008 


0.00003 


0.9 


0.0009 


0.00004 


1.0 


0.0010 


0.00004 


1.1 


0.0011 


0.00004 


1.2 


0.0012 


0.00005 


1.3 


0.0013 


0.00005 


1.4 


0.0014 


0.00006 


1.5 


0.0015 


0.00006 


2.0 


0.0020 


0.00008 


2.5 


0.0025 


0.00010 


3.0 


0.0030 


0.00012 


3.5 


0.0035 


0.00014 


4.0 


0.0040 


0.00016 


4.5 


0.0045 


0.00018 


5.0 


0.0050 


0.00020 


5.5 


0.0055 


0.00022 


6.0 


0.0060 


0.00024 


6.5 


0.0065 


0.00026 


7.0 


0.0070 


0.00028 


7.5 


0.0075 


0.00030 


8.0 


0.0080 


0.00032 


8.5 


0.0085 


0.00034 


9.0 


0.0090 


0.00036 



micrometers 
(microns) 


mm 


Inch 


:;-"'S^liiii.||giipii^ 


cont) 


9.5 


0.0095 


0.00038 


10.0 


0.0100 


0.00040 


10.5 


0.0105 


0.00041 


11.0 


0.0110 


0.00043 


11.5 


0.0115 


0.00045 


12.0 


0.0120 


0.00047 


12.5 


0.0125 


0.00050 


13.0 


0.0130 


0.00050 


13.5 


0.0135 


0.00053 


^;;■:.J:^;•;^•:■>:4:l^:||:im 


1 


0.001 


0.00004 


2 


0.002 


0.00008 


3 


0.003 


0.000t2 


4 


0.004 


0.00016 


5 


0.005 


0.00020 


6 


0.006 


0.00024 


7 


0.007 


0.00028 


8 


0.008 


0.00032 


9 


0.009 


0.00036 


10 


0.010 


0.00040 


11 


0.011 


0.00043 


12 


0.012 


0.00047 


13 


0.013 


0.00050 


14 


0.014 


0.00055 


15 


0.015 


0.00060 


20 


0.020 


0.00080 


25 


0.025 


0.00100 


30 


0.030 


0.00120 


35 


0.035 


0.00140 


40 


0.040 


0.00160 


45 


0.045 


0.00180 


50 


0.050 


0.00200 


55 


0.055 


0.00220 


60 


0.060 


0.00240 


65 


0.065 


0.00260 


70 


0.070 


0.00280 


75 


0.075 


0.00300 


80 


0.080 


0.00320 


85 


0.085 


0.00340 


90 


0.090 


0.00360 


95 


0.095 


0.00380 


100 


0.100 


0.00400 


105 


0.105 


0.00410 


110 


0.110 


0.00430 
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micrometers 
(microns) 


mm 


inch 


THREE DECIMAI. PLACES (cont) 


115 


0.115 


0.00450 


120 


0.120 


0.00470 


125 


0.125 


0.00500 


130 


0.130 


0.00500 


135 


0.135 


0.00530 


TWO DECIMAL PLACES 


10 


0.01 


0.0004 


20 


0.02 


0.0008 


30 


0.03 


0.0012 


40 


0.04 


0.0016 


50 


0.05 


0.0020 


60 


0.06 


0.0024 


70 


0.07 


0.0028 


80 


0.08 


0.0032 


90 


0.09 


0.0036 


100 


0.10 


0.0040 


110 


0.11 


0.0043 


120 


0.12 


0.0047 


130 


0.13 


0.0050 


140 


0.14 


0.0055 


150 


0.15 


0.0060 


160 


0.16 


0.0063 


170 


0.17 


0.0067 


180 


0.18 


0.0070 


190 


0.19 


0.0075 


200 


0.20 


0.0080 


250 


0.25 


0.0100 


300 


0.30 


0.0120 


350 


0.35 


0.0140 


400 


0.40 


0.0160 


450 


0.45 


0.0180 


500 


0.50 


0.0200 


550 


0.55 


0.0220 


600 


0.60 


0.0240 


650 


0.65 


0.0260 


700 


0.70 


0.0280 


750 


0.75 


0.0300 


800 


0.80 


0.0320 


850 


0.85 


0.0340 


900 


0.90 


0.0360 


950 


0.95 


0.0380 


1000 


1.00 


0.0400 




1.05 


0.0410 




1.10 


0,0430 




1.15 


0.0450 




1.20 


0.0470 




1.25 


0.0500 



micrometers 
(microns) 


mm 


inch 


TWO DECIMAL PLACES (cont) 




1.30 


0.0500 




1.40 


0.0550 




1.50 


0.0600 




1.60 


0.0630 




1.70 


0.0670 




1.80 


0.0700 




1:90 


0.0750 




2.00 


0.0800 




2.10 


0.0830 




2.20 


0.0870 




2.30 


0.0900 




2.40 


0.0950 




2.50 


0.1000 




2.60 


0.1030 




2.70 


0.1050 




2.80 


0.1100 




2.90 


0.1150 




3.00 


0.1200 




3.10 


0.1230 




3.20 


0.1250 




3.30 


0.1300 


■ 


3.40 


0.1330 




3.50 


0.1370 




3.60 


0.1400 




3.70 


0.1450 




3.80 


0.1500 




3.90 


0.1530 




4.00 


0.1570 




4.10 


0.1600 




4.20 


0.1650 




4.30 


0.1700 




4.40 


0.1730 




4.50 


0.1770 




4.60 


0.1800 




4.70 


0.1850 




4.80 


0.1900 




4.90 


0.1930 




5.00 


0.1970 




5.10 


0.2000 




5.20 


0.2050 




5.30 


0.2100 




5.40 


0.2130 




5.50 


0.2170 




5.60 


0.2200 




5.70 


0.2250 




5.80 


0.2300 




5.90 


0.2330 
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micrometers 
(microns) 


mm 


inch 


TWO DEaUAL PLACES ( 


cont.) 




6.00 


0.2350 




6.10 


0.2400 




6.20 


0.2450 




6.30 


0.2500 




6.40 


0.2500 




6.50 


0.2550 




6.60 


0.2600 




6.70 


0.2630 




6.80 


0.2670 




6.90 


0.2700 




7.00 


0.2750 




7.10 


0-2800 




7.20 


0.2830 




7.30 


0.2870 




7.40 


0.2900 




7.50 


0.2950 




7.60 


0.3000 




7.70 


0.3030 




7.80 


0.3070 




7.90 


0.3100 




8.00 


0.3150 




8.10 


0.3200 




8.20 


0.3230 




8.30 


0.3270 




8.40 


0.3300 




8.50 


0.3350 




8.60 


0.3400 




8.70 


0.3400 




8.80 


0.3450 




8.90 


0.3500 




9.00 


0.3550 




9.10 


0.3600 




9.20 


0.3630 




9.30 


0.3650 




9.40 


0.3700 




9.50 


0.3750 




9.60 


0.3770 




9.70 


0.3B00 




9.80 


0.3850 




9.90 


0.3900 




10.00 


0.3930 


ONE DECIMAL PLACE 




0.1 


0.004 




0.2 


0.008 




0.3 


0.012 




0.4 


0.016 




0.5 


0.020 



micrometers 
(microns) 


mm 


inch 


ONE DECIMAL PLACE (eont) 




0.6 


0.024 




0.7 


0.028 




0.8 


0.032 




0.9 


0.036 




1.0 


0.040 




1.1 


0.043 




1.2 


0.047 




1.3 


0.050 




1.4 


0.055 




1.5 


0.060 




2.0 


0.080 




2.5 


0.100 




3.0 


0.120 




3.5 


0.140 




4.0 


0.160 




4.5 


0.180 




5.0 


0.200 




5.5 


0.220 




6.0 


0.240 


. 


6.5 


0.260 




7.0 


0.280 




7.5 


0.300 




8.0 


0.320 




8.5 


0.340 




9.0 


0.360 




9.5 


0.380 




10.0 


0.400 




10.5 


0.410 




11.0 


0.430 




11.5 


0.450 




12.0 


0.470 




12.5 


0.500 




13.0 


0.500 


NO DECIMAL PLACES 




1 


0.04 




2 


0.08 




3 


0.12 




4 


0.16 




5 


0.20 




6 


0.24 




7 


0.28 




8 


0.32 




9 


0.36 




10 


0.40 




11 


0.43 




12 


0.47 




13 


0.50 
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NO DECIMAL PIECES (cont.) 




14 


0.55 




15 


0.60 




20 


0.80 




25 


1.00 




30 


1.20 




35 


1.40 




40 


1;60 




45 


1.80 




50 


2.00 




55 


2.20 




60 


2.40 




65 


2.60 




70 


2.80 




75 


3.00 




80 


3.20 




85 


3.40 




90 


3.60 




95 


3.80 




100 


4.00 
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1.0 Scope This procedure is to be used for preparing a 
metallographic specimen of printed wiring products. The fin- 
ished microsectlon is used for evaluating the quality of the 
latninate system and the plated -through holes (PTHs). The 
PTHs can be evaluated for characteristics of the copper foils, 
plating, and/or coatings to determine compliance with appli- 
cable specification requirements. The same basic procedures 
may be used for mounting and examination of other areas. 
Because manual metallographic sample preparation Is 
regarded by many as essentially an art, this method describes 
those techniques that have been found to be generally 
acceptable, it does not attempt to be so specific as to allow 
no acceptable variations that can differentiate metallogra- 
phers. Furthermore, the success of these techniques remains 
highly dependent upon the skill of the individual metallogra- 
pher. 

2.0 Applicable Documents 

IPC-MS-810 Guidelines for High Volume Microsectioning 

ASTM E 3 Standard Methods of Preparation of Metallo- 
graphic Specimens 

3.0 Test Specimens Cut the required specimens from a 
printed board or test coupon. Allow sufficient clearance to 
prevent damage to the area to be examined. The recom- 
mended minimum clearance is 2.54 mm. Abrasive cut off 
wheels can cut closer to the area of examination without 
causing damage. Some commonly used methods Include 
sawing using a jewelers saw, miniature band saw, or abrasive 
cut-off wheel; routing using a small milling machine; or punch- 
ing using a sharp, hollow die (not recommended for brittle 
materials, i.e., polyimide and some modified epoxy resin sys- 
tems). See IPC-MS-810. It is recommended that a minimum 
of one microsectlon containing at least three of the smallest 
diameter PTHs shall be made for each specimen tested. 
When microsectioning multilayer production printed boards 
designed without nonfunctional lands on all layers, care needs 
to be exercised in choosing the test location such that internal 
lands are connected to the selected PTHs. This is so that a 
complete quality evaluation can be made. 

4.0 Apparatus or Material 



4.1 Sample removal method (see IPC-MS-8T0 for the best 
method to meet your needs). 

4.2 Mount molds 

4.3 Smooth, flat mounting surface 

4.4 Release agent (optional) 

4.5 Sample supports (optional) 

4.6 Metallographic rotary grinding/polishing system 

4.7 Belt sander (optional) 

4.8 Metallographic microscope capable of 100X to 200X 
magnification 

4.9 Vacuum pump and vacuum desiccator (optional) 

4.10 Room temperature curing potting material (recom- 
mended maximum cure temperature 93°C) 

4.11 Abrasive paper (USA CAMI Grade grit numbers 180, 
240, 320, 400, and 600. See Figure 1 for conversion from 
American to European grit sizes). 

4.12 Cloths for polishing wheels: a hard, low, or no nap 
cloth for rough and intermediate polishing and a soft, woven, 
or medium nap cloth for final polishing. 

4.13 Oxide or colloidal silica polishing suspension (final pol- 
ish, 0.3 to 0.04 micron) 

4.14 Diamond polishing abrasive (six to 0.1 micron) 

4.15 Polishing lubricant 

4.16 Specimen etching solution (see 6.4) 

4.17 Cotton balls and swabs for cleaning and etchant appli- 
cation 



Material In tttis Test Methods Manual was voluntarily esteUiahed 1^ Technical ComttMaes of the IPC. This mtlar U ltaMeoiy only 
and Its use or adaptation Is anSiely voluntary. IPC disclaims all UabiHty of any Und as to the («*, am>>t»tlon, or k^ptukm of (Ms 
maiahal. Users are also wholly re Spfm ilUa for protecting thentselv^ agalnat ■» cUmt or UblU^fof paHmt krlrihgarmnt. 
Equipment relerencad is tor the convanlatKe ol tt» user and doss not imf^ endOreentent by the IPC. 
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Figure 1 Abrasive paper grK size (American vs. 
European) 

4.18 Isopropyl alcohol, 25% methanol aqueous solution, or 
other suitable solvent (check for reaction with the encapsula- 
tion media and marking system) 

4.19 Specimen marking system 

4.20 Ultrasonic cleaner (optional) 

5.0 Procedure 

5.1 Preparation of Specimen Grind the sample sequen- 
tially on 180, 240, 320 grit wheel to within approximately 1 .27 
mm of rinal polish depth. Deburr all edges prior to mounting, 

5.2 Mounting Metalfographic Sample 

5.2.1 Clean mounting surface and dry thoroughly, then 
apply release agent to the plate and mounting rings. 

5.2.2 Thoroughly clean the sample using a suitable solvent 
such as isopropyl or ethyl alcohol. This Is especially important 
when microsectioning "thermally stressed" (solder floated) 



specimens. Residual flux may result in poor adhesion of the 
encapsulation media causing gaps between the specimen 
and the media. These gaps make proper metallographic 
sample preparation extremely difficult, if not impossible. 

5.2.3 Stand specimen in mount ring, perpendicular to the 
base using sample supports, clips, or with the use of double- 
sided adhesive tape. 

5.2.4 The surface to be examined should face the mounting 
surface. 

5.2.5 Fill the mounting ring carefully with potting material, by 
pouring from one side to ensure complete PTH filling. Some 
potting materials may require dilution as recommended by the 
material manufacturer to reduce the viscosity in order to fill 
small diameter PTHs. Hand protection is recommended to 
prevent skin sensitization. 

5.2.6 The sample must remain upright and the holes filled 
with encapsulating material. 

5.2.7 Epoxy potting materials may require vacuum degas- 
sing in order to achieve complete hole filling. 

5.2.8 Allow specimen to cure and remove hardened mount 
from ring. The minimum qualities the mount should exhibit are: 

• No gaps between the potting material and the sample 

• The PTHs filled with material 

• No bubbles in the potting material 

The presence of these deficiencies will result in sample prepa- 
ration difficulties, as noted in 5.2.2. Identify the specimen by a 
permanent method. The selected marking system should 
remain unaffected by solvent and lubricant exposure, 

5.2.9 For finite plating thickness measurements, such as 
gold and nickel thickness on edge board contacts, the over- 
plated specimen may be placed at a 30° angle. This will pro- 
vide viewing at twice the actual thickness. The measured 
thickness is then divided by two to arrive at the true thickness. 
For a more thorough discussion of the techniques of taper 
sectioning, refer to the references in 6.5. 

5.3 Grinding And Polishing 
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5.3.1 Using the metallographic equipment, rougli grind the 
mount on 1 80 grit abrasive paper no closer than to the edge 
of the PTH barrel wails. 

Note: Copious water flow must be used to prevent overheat- 
ing and damage to the specimen and removal of grinding 
debris. 

5.3.2 Fine grind specimen, using copious water flow, to 
center of the PTHs utilizing 240, 320, 400, and 600 grit discs, 
in that order. The final paper (600 grit) should finish at the axial 
centerline of the PTHs. Wheel speeds of 200 to 300 rpm are 
generally used during fine grinding. Rotate the specimen 90° 
between each successive grit size and grind for twice to three 
times the time it takes to remove the scratches from the pre- 
vious step. The scratch removal can be verified by micro- 
scopic inspection between steps. It is of great importance that 
the ground surface of the microsection is in a single plane. 
The purpose of rotating the microsection 90° between suc- 
cessive grit sizes is to facilitate inspection. If scratches are 
observed to be perpendicular to those made during the last 
step performed, it is a good indication that the surface is not 
flat and the microsection requires additional grinding. If the 
surface of the microsection is not flat upon completion of the 
grinding operations, it may not be possible to remove ail of the 
grinding operations, and grinding scratches during rough pol- 
ishing. The metallographer should recognize the fact that the 
coarser grit sizes (180, 240, and 320) induce a larger depth of 
deformed and fragmented material. Since the depth of defor- 
mation decreases sharply below a particle size of about 30 
microns (400 grit), it is better practice to spend longer times 
on 400 grit and especially 600 grit to achieve the final plane 
sectioning, rather than on the coarser grit sizes. 

5,3.3 Rinse sample with running tap water and blow dry 
with filtered air. Ultrasonically clean, if desired, between each 
step. 

Note: Ultrasonic cleaning is highly recommended, especially 
between the finer grinding steps, prior to rough polishing and 
between all polishing steps. It is the nature of printed board 
specimens, especially those with epoxy base material follow- 
ing thermal exposures, to contain voids that can trap grinding 
and polishing residues that are not removed during simple 
rinsing. Care needs to be exercised not to damage the speci- 
men surface with excessive ultrasonic cleaning. Ultrasonic 
cleaning for as little as one minute can damage a polished 
surface. 



5.3.4 Rough polish the specimen with six micron diamond 
abrasive on a hard, low, or no nap cloth. Following rough pol- 
ishing, microscopically examine the specimen to verify 
removal of all 600 grit scratches. Ultrasonically clean the 
specimen, if desired. Continue polishing with one to three 
micron diamond abrasive again using a hard, low, or no nap 
cloth and microscopically examine the speciment to verify the 
removal of all the six micron diamond scratches. Ultrasonically 
clean the specimen, if desired. Generally, polishing a few min- 
utes using medium pressure during the above steps is suffi- 
cient if the microsection has been ground correctly. Wheel 
speeds of 200 to 300 rpm are generally used during rough 
and intermediate polishing. Final polishing is accomplished 
using a soft, woven, or medium nap cloth using a one to 0.1 
micron diamond, 0.05 micron alumina or other oxide, or a 
colloidal silica polishing suspension. This final step is only per- 
formed for 10-20 seconds using light to medium pressure 
when using oxide or silica polishing compounds. When using 
diamond compounds on soft woven cloths, final polishing 
may extend several minutes (see 5.3.5). Reduced wheel 
speeds of 100 to 150 rpm are generally used during final pol- 
ishing due to increased drag on the microsection, Typically, 
six micron followed by one micron diamond and a 0.04 
micron colloidal silica or 0.05 micron alumina have been used 
successfully, However, other variations such as six micron, 
three micron, and 0.25 micron diamond have also been used 
successfully. Some have even used 1 .0 and 0.3 micron alu- 
mina on napless cloths followed by 0.05 micron alumina on a 
soft, medium napped cloth. This procedure can be used suc- 
cessfully, depending upon the skill of the metallographer, but 
will generally result in poorer edge retention and more relief 
effects than the diamond compounds (see 6.5, Reference 1). 

5.3.5 Warning The use of napped cloths can result in poor 
edge retention (rounding) and relief between constituents 
since it exacerbates the varying rates of material removal (i.e., 
tin-lead alloy and the softer encapsulation media are removed 
at a faster rate than the copper or glass fibers in the base 
material). The higher the nap, the more the effect. The user 
needs to minimize the polishing time and use ample lubricant 
and light pressure during final polishing. 

5.3.6 Rinse in mild soap and warm water or solvent and 
blow dry. 

5.3.7 Examine and repollsh, beginning with six micron dia- 
mond, if necessary, until: 

1 . There are no scratches larger than those induced by the 
final polishing abrasive. 
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2, The specimen is not higher or lower than the mounting 
material. 

3 There is no smearing of the copper plating into the PTH or 
base material. 

4, The plane of microsectioning is at the centerline of the hole 
as defined by the governing specification. If the grinding 
depth is insufficient, additional grinding and repolishing 
may be required. 

5. There is little, if any, visible preparation induced damage to 
the glass fibers of the base material. 

See IPC-MS-810 for photomicrographs Illustrating some of 
the above qualities. When the required microsection quality 
has been achieved, examine the microsection of multilayer 
printed boards in the "as-polished" condition as specified in 
5.4.1 to identify suspect areas of internal layer separation that 
appear as dark lines or partial dark lines. These areas should 
be verified after metallographic etching. There may not be a 
one-to-one correlation of all separations noted "as-polished" 
versus those noted after etching, when examined at the 
specified magnifications. 

5.3.8 Swab specimen with suitable etching solution (see 
6.4) typically applied for two to three seconds, repeat two to 
three second swabbings if necessary, to reveal the plating 
Interfaces. 

Caution: Over etching may totally obscure the demarcation 
line between the copper foil and electroplate copper, prevent- 
ing accurate inspection. 

5.3.9 Rinse in running tap or deionized water to remove 
etchant. 

5.3.10 Rinse in solvent and blow dry. 
5.4 Evaluation 

5.4.1 Set the magnification at 1 OOX and measure all charac- 
teristics required by the standard or specification using a met- 
allograph set for bright field illumination. Referee at 200X, 
unless otherwise specified. 

5.4.2 Measure the plating thickness in at least three PTHs. 
Total surface copper thickness can also be determined on the 
same specimen cross-section. Record the plating thickness 
determinations and quality of the plating. Plating thickness 
determinations should not be made at nodules, voids, or 
cracks, 



5.4.3 Quality observations may include the following: blis- 
ters, laminate voids, cracks, resin recession, hole wall pull- 
away, plating uniformity, burrs and nodules, plating voids, and 
wicking. In addition, plating quality for multilayer printed 
boards may include; innerplane bond to PTH, resin smear, 
glass fiber protrusion, and resin etchback. Some of the plat- 
ing conditions may be observed on the polished specimen 
prior to etching. 

6.0 Notes 

6.1 Overplating the specimen per ASTM E 3 with a layer of 
copper or other plating with a hardness similar to the speci- 
men, prior to encapsulation, provides better edge retention, 
thereby providing more accurate thickness measurements. 

6.2 For a more accurate evaluation of possible internal layer 
separations, the procedures covered in 6.2.1 and 6.2.2 are 
recommended. 

6.2.1 Regrind Procedure 

6.2.1.1 After polishing and examining with a metallographic 
microscope, turn power off at the final grinding wheel. 

6.2.1.2 Gently regrind the specimen using copious amounts 
of water and 60G grit paper with the wheel in a stationary 
position parallel to the PTH barrels. Six to eight double strokes 
should be sufficient. This action will remove any copper metal 
smear that may have occurred over the interconnection sepa- 
ration during rotary polishing. 

6.2.1.3 Rinse and dry specimen and repolish per 5.3.3 
through 5.3.7, then reexamine under the metallograph to 
determine if interconnection separation exists. 

6.2.1.4 After examination in the "as-polished" condition 
(and taking photomicrographs, if desired), etch the specimens 
with the mild etchant described in 6.4, and reexamine the 
specimen again for interconnection separation and all other 
characteristics, There may not be a one-to-one correlation of 
all separations noted "as polished." 

6.2.2 Mechanical/Chemical Preparation (Attacic Polish- 
ing) Another useful technique is a simultaneous mechanical/ 
chemical polish at the final polishing step. Use a mixture of 
95% collodial silica and 5% by volume hydrogen peroxide 
(30% concentration) and polish on a chemically resistant 
cloth.' This results in a simultaneous mechanical and chemical 
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abrasion of the specimen. The metallographer must be care- 
ful to balance the mechanical abrasion with the chemical 
abrasion. Too much mechanical abrasion will result in fine 
scratches; too much chemical polishing will result in etching of 
the specimen. Neither of these conditions is desirable. Experi- 
mentation will be required to develop the optimal balance. 

6.3 In order to develop more insight into detected intercon- 
nection separations, regrind and repolish the specimen in the 
horizontal plan (perpendicular to the original vertical plane), 
and examine the semicircumferential interface. This method 
has a low success rate when the separation affects less than 
50% of the internal layer thicl<ness (as noted on the vertical 
microsection). 

6.4 The following is the recommended solution for specimen 
etching. 

25 ml ammonium hydroxide (25-30%) 

25 ml-35 ml of 3-5% by volume stabilized hydrogen peroxide 

The addition of 25 ml of water (distilled or reverse osmosis) will 
dilute the solution, resulting in longer etching times, which 
may be desirable in certain situations. 

Wait five minutes before using. Prepare fresh every few hours. 



6.4.1 There are other etchant solutions that have been used 
or that may be developed for etching copper. Care must be 
exercised in their selection and use because of the sensitive 
nature of the electrolytic, electroless, and foil etching charac- 
teristics as well as possible galvanic effects in the presence of 
tin-lead. See 6.5, Reference 2 and lPC-MS-810. 

6.4.2 When studying tin-lead solders, it is sometimes helpful 
to use etchants specifically designed to reveal those alloy's 
microstructures (see 6.5, Reference 2). 

6.5 Additional references on metallographic laboratory prac- 
tice. 

1 . Metallographic Polishing by Mechanical Means, L.E. Sam- 
uels, American Society for Metals, T982, ISBN: 0-87170- 
135-9. 

2. Metallographic Etching, Gunter Petzow, American Society 
for Metals, 1978, ISBN 0-87T 70-002-9. 

3. Mettallography Principles and Practice, George F. Vander 
Voort, McGraw-Hill, 1984, ISBN: 0-07-0669780-8. 

4. Metals Handbook Desk Edition, Edited by Howard E. 
Boyer and Timothy L. Gall, American Society for Metals, 
1985, ISBN: 0-871 70-1 88-X. 
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1.0 Scope This procedure is an alternate method for pre- 
paring multiple metallographic specimen(s) using microsectlon 
equipment, The specimen(s) is(are} for evaluation for quality of 
the laminate system, plated-through holes (PTHs), the copper 
foils, platings, and/or coatings. The same basic procedure 
may be used for examination of other areas on the product. 

Note: This microsection technique is a process and not a test 
method. 

Note: SAFETY The use of the materials listed in Section 4.0 
may be limited or forbidden in some environments. Please 
review the Material Safety Data Sheet (MSDS) for the materi- 
als being used. 

2.0 /^plicable Documents 

lPC-MS-810 Guidelines for Semi-Automatic Microsection 

IPC-RB-276 Qualification and Performance Specification for 
Rigid Printed Boards 

3.0 Test Specimens Remove the required specimen(s) 
from the product to be tested. Allow sufficient clearance to 
prevent damage to the area and PTHs to be examined. The 
recommended clearance from the pad edge to the cut surface 
is 2.54 mm [0.100 in]. Abrasive cut-off wheels can cut closer 
to the sample without damaging the area to be examined. 

4.0 Apparatus 

• sample removal method (see rPC-MS-810 for best method) 

• sample alignment tools 

• mount molds 

• mounting surface 

• vacuum/pressure system (optional) 

• release agent (optional) 

• potting material (recommended maximum cure temperature 
is 200°F) 

• explosion proof fume hood for mounting material 

• microsection equipment (see IPC-MS-810 for purchasing 
guidelines) 

• metricaied abrasive paper P100-P1200 (American grit 
range; 100-600) 

• polishing cloths 



• diamond abrasive (1-9 micron) or oxide abrasive (3-0.1 
micron) 

• polishing lubricant 

• micro-etch solution 

• micro-etch applicator (optional) 

• engraver (optional) 

5.0 Procedure and Evaluation 

5.1 Procedure 

5.1.1 The semi or automatic microsection technique is a 
process and not a test method. Microsectioning needs to be 
viewed as a process with quality criteria as each major step is 
completed. This procedure specifies the quality criteria that 
must be met to make microsections that can consistently find 
the defects (or anomalies) of concern. The customer should 
not specify the process steps and materials but the quality 
criteria for surface preparation of the specimen. 

5.1.2 Preparation of Specimen(s) Remove the specimen 
from the PWB or panel such that the tooling pin holes or tar- 
get PTHs are not damaged. Complete any thermal testing 
required by the customer. 

5.1. 3 Inspect Tooling Pin System Inspect the tooling pin 
holes or slots to verify they are not plugged or damaged. Clear 
plugged tooling pin holes with a tool that will not change its 
dimensional location or enlarge the hole. A drill bit of the same 
hole diameter is recommended. 

Inspect the tooling pins for foreign material adhering to them. 
Clean the pin surface as required. Discrard any pins that are 
bent or the surface scarred. 

5.1.4 Load Specimen On Tooling Pins The pins align the 
target PTHs on a common plane. This common plane assures 
all the PTHs will grind to the center of the hole at the same 

instance. 

Push the tooling pins into the tooling holes or slots. The pins 
must fit snugly. 

5.1.5 Potting the Specimen(s) The potting matehal must 
have a low shhnk rate, and the cure temperature must be less 



Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only 
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation of this 
material. Users are also wholly responsible for protecting themselves against all claims or liabilities forpatent infringement. 
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC. 
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than 93°C [200°F] at the center of the mount to prevent false 
failures. Mold release may be applied to the mount to permit 
easy removal of the cured mounting material (optional). Thor- 
oughly mix the potting material without trapping air and pour 
into the mold. Assure the tooling pins do not shift position or 
rise up while pouring and/or curing of the potting material. If 
necessary to avoid voids in the finished mount and to insure 
adequate hole filling, evacuate the mount before cure using a 
vacuum system. Allow the potting material to cure and return 
to ambient temperature before removing from the mount. 
Remove the hardened mounts from their molds (as appli- 
cable). 

5.1.6 Traceability The mount/specimen must be perma- 
nently marl<ed in such a manner to ensure traceability back to 
the PWB or panel. If the mounts are cured within the mount 
holder, traceability is not required until the mounts are 
removed from the holder. 

5.1.7 iVIount Quality The minimum qualities the mount 
must exhibit are no gaps between the potting material and the 
specimen, the PTHs filled with material, and no bubbles in the 
potting material in the areas of examination. 

5.^ .8 Grind Process Set-Up. 

5.1.8.1 Tooling Stops The mount holder has tooling stops 
to allow the equipment to grind a set distance. These stops 
must be calibrated for each abrasive paper grit to assure the 
scratches from the previous step are removed. See IPC-MS- 
810 for a detailed discussion and examples. 

5.1.8.2 Grind Pressure The equipment's pressure setting 
is the direct force on a load cell. To determine the pressure on 
each mount, divide the pressure setting by the surface area of 
the mounts being processed. See IPC-MS-810 for a detailed 
discussion and examples. 

The recommended pressure setting for 6 mounts at 38.1 mm 
[1.5 in] diameter is 351.5 g/sq. cm (5.0 psi) with the wheel 
RPMs between 300-600. 

5.1.8.3 Other Variables Recommended variables to be 
familiar with are length of time the abrasive paper removes 
material efficiently, scratch size the abrasive paper causes on 
the specimen(s) surface, and water quality (undissolved par- 
ticles that can cause scratches; i.e. calcium deposits), 

5.1.9 Grind the Mounts Be liberal with the amount of 
water used to promote efficient removal of material by the 



abrasive paper. The hardness of the specimen will dictate the 
number of rough and fine grind steps needed to reach near 
the center of the hole. The rough grind grits P180-P240 
(American 180-240) are used to enter the edge of the PTH, 
and the fine grind grits P800-P1200 (American 400-600) are 
used to grind near the center of the hole. The distance to stop 
short of the center is determined by the scratch size of the last 
grind step used. 

A recommended grinding process from which to start develop- 
ment is: 





Step1 


StBp2 


Step 3 


Abrasive grit size 


PI 80 


P 400(opt) 


PI 000 


RPM 


200-300 


200-300 


200-300 


Pressure (g/sq. cm) 


351.5 


351,5 


351.5 


Time 


1 5 seconds after the stops touch 



5.1.9.1 Clean the Mounts Clean the mount surface with a 
mild hand soap to remove the abrasive grit. This is especially 
important when the same mount holder is used for grinding 
and polishing. Be careful not to scratch the surfaces to be 
evaluated while cleaning, 

5.1.10 Grind Quality The minimum qualities the mount 
must exhibit are: 

1) The target PTHs are ground to the center of the PTHs as 
defined by the customer's specification. 

2) Only fine grind scratches apparent on the mount when 
viewed at 100X magnification. 

3) No gap between the potting material and the specimen(s). 

4) No residual abrasive paper grit material on the mount sur- 
face. 

5) The ground surface has only one plane of material removal. 
If the mount has several planes of material removal, por- 
tions of the sample will not polish since the odd surface 
never touches the polishing cloth. 

5.1.11 Polish Process Setup The tooling stops are 
recessed or removed from the mount holder during polishing. 
The reason is the polish process removes a negligible amount 
of material and will not change the flatness of the surface. The 
number of polish steps is determined by the hardness of the 
specimen(s), distance to the center of the hole, and scratch 
size of the last fine grind step. There may be multiple interme- 
diate polish steps but only one final polish step. 
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5.1.12 Intermediate Polish Steps The intermediate steps 
must remove the fine grind scratches and prepare the surface 
for the final polish step. The recommended process settings 
for 6 mounts at 38.1 mm [1.5 in] diameter is less than 351.5 
g/sq. cm (5.0 psi), a medium to hard polish cloth, short nap 
surface, and low wheel RPM (100-200). Additional variables 
that must be considered are volume of lubricant, lubricant 
types, abrasive size, abrasive type (diamond or oxide), and 
process time. 

A recommended polish process from which to start develop- 
ment is: 





Stepi 


Step 2 


Step 3 


Type of cloth 


Napless 


Napless 


Nap 


Type of polish 
abrasive 


Diamond 


Diamond 


Diamond 


Polish abrasive size 


6 micron 


1 micron 


1 micron 


Time 


— 


— 


30 sec 
max. 


Pressure (g/sq. cm) 


351.5 or 
less 


351.5 or 
less 


351,5 or 
less 



5.1.12.1 Clean the iVlount(s) The mounts must be 
cleaned between each polish step. The reason is to prevent 
contaminating the next polish step with the current grit size. If 
the polish step is contaminated, the step will produce unde- 
sirable scratches. Clean the mounts with mild hand soap, 
rinse with water, and dry. Do not scratch the surface to be 
evaluated when cleaning. 

5.1.13 Final Polish the Mounts The final polish step 
removes the scratches from intermediate polishing and pre- 
pares the surface for evaluation. The recommended process 
setting for the same surface areas as 5.1 .12 are a medium to 
soft polish cloth, low wheel RPM (100-200), and low pressure 
setting 351.5 g/sq. cm (5.0 psi) or less. Additional variables 
that must be considered are volume of lubricant, type of nap 
surface on polish cloth, and process times. The type of abra- 
sive used must be diamond (maximum rated size: 1 .0 micron) 
or colloidal silica. 

Warning 

If a high nap polish cloth is used too long in the final pol- 
ish, the inspectors ability to see defects can be hampered. 
This step must be engineered for short process times (30 
seconds or less) with a careful balance of lubricant to pre- 
vent copper rounding. 



5.1.13.1 Clean the Mount This last clean step must 
remove all the contaminants as described in 5.1.12.1 and the 
polish lubricant. The lubricant film will prevent even microetch- 
ing of the specimen(s). 

5.1.14 Traceability If the mounts are cured in the mount 
holder, remove the mounts. The mount/specimen must be 
permanently marked in such a manner to ensure traceability 
back to the PWB or panel. 

5.1.15 Polish Quality The surface qualities of ^ properly 
prepared microsection mount are: 

1 . The target PTHs are ground to the center of the PTH as 
defined by the customer's specifications. 

2. No scratches larger than 1 .0 micron on the metal surface 
to be examined (i.e. copper). 

3. No smear of metals (i.e. copper, tin/lead, nickel) over other 
metals, board base material, and/or potting material. 

4. No rounding of metal surfaces (i.e. copper) in the PTH. 

5. No gaps between the specimen(s) and potting material. 

Rounding of metal surfaces is apparent as the material edge 
being out of focus at lOOX magnification on the metallograph 
or shaded a charcoal black color. 

5.2 Evaluation Method 

5.2.1 Separation Evaluation Evaluate the PTHs for inner- 
layer separation prior to microetch. Any observations need to 
be re-inspected after etch. The separations noted in the 
unetched and microetched conditions will not necessarily cor- 
relate one to one. 

5.2.2 Microetch the Specimen Swab or dip the speci- 
men into a suitable microetching solution and rinse with run- 
ning water. The recommended etching solutions and formula- 
tions are listed in IPC-MS-810. The etch time will vary with the 
type of etchant chosen to microetch the sample. 

5.2.3 Evaluation Evaluate the average thickness of the 
plated metals and determine PTH quality per the customer's 
specifications. 

6.0 Notes 

6.1 Diamond Polish The diamond polish media is pre- 
ferred over alumina for PWB's being evaluated to IPC-RB-276 
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U.S.A. 


EUROPEAN 




CAMI 


NEW "P" 




GRADE 


GRADE 


Excerpt from Struars Catalog 


600 — 




ration Europeenne de« 






Fabrhcants des Produits 


soo- 


— P1000 


AbrasKs (FEPA) and gives the 


400- 


— PSOO 


grain sizes in ^m. 


360 — 


— P600 


The silicon carbide powders of 


—PSOO 


STRUERS wet-gnndmg papers 


320- 


— P400 


are classified to FEPA grades, 


280- 


— P360 
— P320 


and specifically to the P-series. 


240- 


— P2B0 

r-P2V> 




220- 


-P220 




1B0- 


-PI 80 




150- 


-P150 




120- 


-PI JO 




100- 


-PI 00 




80- 


-P«0 




60 — 


-PSO 
-P50 




50- 


— P40 










36- 


-P3« 




30 — 


-PSO 




24 — 


-P24 




20- 


-P20 




16 — 


-PI 6 




12 — 


—PI 2 





Figure 1 Abrasive paper grit size (American vs. 
European) 

Class 2 and 3 products. Diamond media substantially reduces 
the risk of metal smear and rounding. Diamonds provide a 
stiarper definition of copper surfaces to evaluate for separa- 
tion of conductive surfaces. 

6.2 Etchants Tfie two most common microetcfiants for 
copper are ammonium fiydroxide/fiydrogen peroxide and 
sodium dichromate etchant. Both have benefits and draw- 
backs that must considered when making a choice (See IPC- 
MS-810). 

6.3 Abrasive Paper The abrasive grit size has different 
designators (Metricated versus American). Figure 1 tabulates 
tlie correlation between grades. 

6.4 See IPC-MS-810 for photomicrographs illustrating 
acceptable and unacceptable polish quality. 
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1.0 Scope This test method uses pressure sensitive tape to 
determine the adhesion quality of platings, marl<jng inks or 
paints, and other materials used in conjunction with Printed 
Boards. 

2.0 Applicable Documents 

Commercial Item Description (CID) A-A-113 Tape, Pres- 
sure Sensitive, Adhesive. 

3.0 Test Specimens Any preproduction, first article, or 
production printed board. A minimum of three tests should be 
performed for each evaluation. 

4.0 Apparatus or Material 

4.1 Tape A roll of pressure sensitive tape 3M Brand 600 
1/2 inch wide or a tape as described in (CID AA-1 1 3), Type 1 , 
Class B, except that the tape may be clear. 

5.0 Procedure 

5.1 Test Press a strip of pressure sensitive tape, 50mm 
[2 in) minimum in length, firmly across the surface of the test 
area removing all air entrapment. The time between applica- 
tion and removal of tape shall be less than 1 minute. Remove 
the tape by a rapid pull force applied approximately perpen- 
dicular (right angle) to the test area. An unused strip of tape 
must be used for each test. 



5.2 Evaluation Visually examine tape and test area for evi- 
dence of any portion of the material tested having been 
removed from the specimen. 

5.3 Report The report should note any evidence of material 
removed by this test. 

6.0 Notes 

6.1 If plating overhang breaks off (slivers) and adheres lo the 
tape, it is evidence of overhang but not an adhesion failure. 

6.2 If foreign material (oil, grease, etc.) is present on the test 
.surface the results may be affected. 



Material in this Test Methods Manual was voluntarily established by Technical Commidees of the IPC. This material i$ advisory only 
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any l<ind as to the use, application, or adaptation of this 
material. Users are also wholly responsible tor protecting themselves against all claims or liabilities for patent infringement 
EpuipmenI referenced is for the convenience of the user and does not imply endorsement by the IPC 
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1.0 Scope This test method is designed to determine the 
peel strength of metallic cladding when tested in the following 
conditions, "as received," after thermal stress, and after 
exposure to processing chemicals; and to evaluate the base 
laminate material after the peel strength test Is completed for 
degradation due to the conditioning. 

2.0 Applicable Documents 

IPC-TM-650 

IVlethod 2.4.8.1, Peel Strength, Metal Foil (Keyhole Method for 

Thin Laminates) 

Method 5.8.3, Peel Strength Test Pattern 

3.0 Test Specimens 

3.1 Size and Configuration Specimens shall be 50.8 mm 
X 50,8 mm [2.0 x 2.0 in] by the thickness of the laminate. 
Cladding test strips shall be as specified (see 5.1.2). 

3.2 Quantity and Sampling At least 2 specimens per clad 
side per each test condition (see 5.2) shall be tal<en at random 
from the laminate lot. They may be taken from samples used 
for other QA testing or inspection. One specimen per side 
shall be used for crosswise and one specimen per side for 
lengthwise testing. 

4.0 Apparatus or Material 

4.1 Tensile Tester A tensile strength tester equipped with 
a load cell, capable of measuring to the nearest 0.0045 kg 
[0.01 lbs], and light load wire or chain and clamp at least 457 
mm [18.0 in] long (its weight is included in the load cell calcu- 
lation). The clamp jaws must cover the entire width of each 
peel strip. Any equipment or apparatus having the described 
accuracy, precision, and reproducibility may be used. 

4.2 Solder Pot A solder bath or pot capable of maintaining 
solder at the specified temperature when measured 25.4 mm 
[1 ,0 in) below the surface. Type Sn60 or Sn63 solder shall be 
used. 

4.3 Specimen Hold-down A suitable hold-down clamping 
system equivalent in performance as that defined in IPC-TM- 
650, Method 2.4.8.1. 



Material in this Test Methods Manual was voluntarily establisheii by Technical Committees of the IPC. This material is advisory only 
and its use or adaptation is entirely voluntary. IPC disclaims all liability ot any kind as to the use. application, or adaptation of this 
material. Users are also wholly responsible lor protecting themselves against ail claims or liabilities for patent infringement. 
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC. 
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4.4 Chemicals A minimum of two ounces of the following 
processing solutions: 

4.4.1 Organic chemical stripper, such as Methylene Chlo- 
ride, or equivalent 

4.4.2 Sodium Hydroxide 10 gr/liter 

4.4.3 Boric Acid 30 gr/titer and Sulfuric Acid 10 gr/liter 

4.4.4 Organic degreaser. such as isopropyl alcohol, or 
equivalent. 

4.5 Hot fluid bath, capable of being maintained at the speci- 
fied temperature, when measured 25.4 mm [1.0 in] below the 
surface. 

4.5.1 Dow Silicone Fluid No. 704, or equivalent. 

4.6 Dow Silicone Grease, Compound 4, or equivalent. 

4.7 Data Collection For qualification testing, a recording 
system capable of permanent data retention must be incorpo- 
rated into the test apparatus. 

4.8 Etching system capable of complete removal of metallic 
cladding, 

4.9 Measuring device capable of measuring from 0.000 to 
12.7 mm [0.5 in] to within _± 0.0025 mm [0.0001 in], 

4.10 Etch Resist Materials or Systems 

4.10.1 Platers tape, or equivalent, to act as etch resist for 
strip formation of the specified widths (see 5.2.1.1, 5.2.2.1, 
and 5.2.3.1). 

4.10.2 Photoresist system (printing, developing, and stripping). 

5.0 Procedure 

5.1 Specimen Preparation 
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5.1.1 Cut the specimens from the laminate sample. Speci- 
mens shall be taken no closer than 25.4 mm (1 .0 in] from the 
edge of the laminate sheet as manufactured. 

5.1.2 Specimens shall be prepared with at least four resist 
strips of the width specified (see 5.2.1.1, 5.2.2.1, 5.2.3.1), 
etched, cleaned and processed using standard industry prac- 
tices and equipment. For qualification and referee testing the 
specimen shall be photoimaged in accordance with the art- 
work shown in Method 5.8.3 of IPC-TM-650 except that tab 
ends are optional. Specimens shall be etched so that the 
conductor strips on one specimen are in one direction per 
Figure 1 . Double clad laminate shall have each side tested 
using separate specimens. The opposite side cladding shall 
be either fully removed or left fully clad. For referee testing the 
cladding on the opposite side shall remain. Separate speci- 
mens for both the warp and fill directions are required for each 
side, 

5.1.3 Thin specimens may be provided with support by 
bonding them to a rigid substrate base, or may be tested with 
the aid of the keyhole fixture (see Figure 2). For referee testing 
of laminates less than 0.51 mm [0.020 in], the specimens shall 
be bonded to a rigid substrate or laminate, 

Note: Peel values can be affected by the adhesive used to 
bond the specimen to the rigid substrate. It is imperative that 
tne best adhesive be found for the type of materials being 
bonded to least influence the true peel strength value. 

5.1.4 For referee testing and qualification, specimens shall 
be preconditioned by baking at 125°C [257°F] for 4 ± 0,5 

hours, 

5.2 Measurements 

5.2.1 Condition A Peel Strength: As Received 

5.2.1.1 A minimum of two 3.18 mm [0.125 in] test strips per 
specimen shall be peeled. For qualification testing four 3.18 
mm [0,125 in] strips per specimen shall be peeled. 

5.2.1.2 Adjust the measurement system to compensate for 
the weight of the wire and clamp, 

5.2.1.3 Peel the test strip back at the tab end (if present) no 
more than 12,7 mm [0,5 in). Attach the clamp to the peeled 
back end of the test strip. 

5.2.1.4 Fasten specimen with hold down fixture so that an 
unencumbered vertical pull can be exerted. The end of the 
test strip should be in a vertical position ready for testing. The 



wire connecting the clamp to the tensile tester must be free to 
pull vertically within ± 5° angle. 

5.2.1.5 Start tester and apply force in the vertical direction 
at the rate of 50.8 mm [2.0 inj/minute, until at least a 25.4 mm 
[1 .0 in] peel is completed (see Note 6.1). 

5.2.1.6 Observe and record the minimum load as defined 
by Figure 1. Measure'the actual width of the test strip and 
record with the minimum load. 

5.2.1.7 If the full width of the test strip does not peel, the 
results shall be discarded and another strip tested. 

5.2.2 Condition B Peel Strength: After Thermal Stress 

5.2.2.1 A minimum of two 3.18 mm [0.125 In] test strips per 
specimen shall be peeled. For qualification testing four 3.18 
mm [0.125 in] strips per specimen shall be peeled. 

5.2.2.2 Apply a thin coating of silicon grease to specimens 
and float on solder maintained at 288°C ± 5.5°C [550°F + 
10°F] for 10 seconds, +1, -0. 

5.2.2.3 Cool specimens to laboratory ambient temperature. 
Clean the grease off and perform steps 5.2.1.2 through 
5.2.1.7. 

5.2.3 Condition C Peel Strength: After Exposure to Pro- 
cessing Chemicals 

5.2.3.1 A minimum of two 0.79 mm [0.032 in] test strips per 
specimen shall be peeled. For qualification and conformance 
four 0.79 mm [0.032 in] strips per specimen shall be used. 

5.2.3.2 Immerse in organic stripper as specified in 4,4.1 for 
75 ±5 seconds at 23 ±2°C [73.4 ±3.6°F]. 

5.2.3.3 Dry specimens 15 ± 5 minutes at 125 ± 5°C [257 ± 
9°F], 

5.2.3.4 Immerse in a solution of 10 gr/llter sodium hydrox- 
ide at 90 ± 5X [194 ± 9°F] for 5 ±1 minutes, 

5.2.3.5 Rinse in hot tap water at 50-55°C [122-13rF] for 5 
± 1 minutes. 

5.2.3.6 Immerse for 30 ±5 minutes in a solution of 10 gr/llter 
sulfuric acid (sp, gr, 1 ,836) and 30 gr/liter bone acid solution 
at 60 ± 5°C [140 ± 9T]. 
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5.2.3.7 Rinse in hot water at 55 ± 5°C [1 31 ± 9°F1 for 5 + 1 
minutes. 

5.2.3.8 Dry for 30 ± 5 minutes at 125 ± SX [257 ± QT). 

5.2.3.9 Immerse in a hot oii bath maintained at 220 ± 5°C 
[428 ± 9°F1 for 40 ± 5 seconds. 

5.2.3.10 Immerse in degreaser as specified in 4.4.4 at 23 ± 
2°C [73,4 ± 3.5°F] for 75 ± 5 seconds to remove hot oil. 



High Peel Strength 
Failure Mode 




Low Peel Strength 
Failure Mode 



VVAv^w ' 




Minimum 

Average 

Load 



Peel Distance 



Figure 1 Multiple Failure Modes 

5.2.3.11 Air dry specimens and perform steps 5.2.1.2 
through 5.2.1,7. 

5.2.4 Determination of Degradation Examine the speci- 
mens using normal or corrected 20/20 vision. Record and 
report the presence of any base laminate degradation, includ- 
ing loss of surface resin, discoloration, resin softening, delami- 
nation, blistenng, propagation of imperfections, measling, 
crazing, or voids. 



5.3 Calculation and Report 

5.3.1 Calculate the peel strength as per the formula: 

Ibs/in = 777- 
Ws 

where: 

Lm = Minimum Load 

Ws = Measured width of peel strip 

5.3.2 Record and report each individual peel strength value. 
Average the individual peel strength values for each side and 
each grain direction of the laminate sampling. For example, if 
the sampling plan calls for one specimen per side and per 
grain direction, there will be at least two values to be averaged 
from four different specimens. 

5.3.3 Report any presence of laminate degradation as 

observed in 5.2.4 

6.0 Notes 

6.1 Test strip breakage may be caused by either a bond 
greater than the tensile strength of the foil, or foil brittleness. 
Where superior bond is shown (value at break above specifi- 
cation) the value at break may be used instead of minimum 
peel. The average reported shall indicate that the value is 
greater than average. 

6.2 For metallic cladding less than one oz thickness, copper 
plating or solder coating may be used to build up to 0.035 ± 
0.0035 mm [0.0014 ± 0.00014 in] to provide strip strength. 

6.3 Environmental aspects of chemicals as specified in 4,4.1 
and 4.4.4. Based on industry and government policies toward 
chemicals which are hazardous to worker health or of concern 
for ozone depletion, previous requirements for use of Methyl- 
ene Chloride and 1,1,1 Trichloroethane have been replaced 
with equivalents. 
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1 Scope This test method is used to determine the bond 
strength (breakaway strength) of surface mount lands from 
substrate materials by a perpendicular pull and force mea- 
surement. It is designed to test solderable metals on any type 
of substrate in a variety of surface mount land sizes. The sur- 
face finish shall be the same as the board it represents. 

This test may be imposed in the as received condition during 
maximum use temperatures, after exposure to commonly 
used solvents, after high humidity, and after extended aging. 

It is important to note this perpendicular test provides entirely 
different results than tests where the test leads are soldered 
parallel to the plane of the land and bent perpendicular for 

testing. 

2 Applicable Documents 

IPC-D-275 Design Standard for Rigid Printed Boards and 
Rigid Printed Board Assemblies 

3 Test Samples/Specimens 



3.1 Qualirication Standard surface mount lands (full vari- 
ety) as shown in Figure 1 (IPC-D-275, Coupon N). Unless oth- 
erwise specified, a minimum of five of each land size shall be 
tested for qualification. 

3.2 Production Standard quality conformance circuitry 
coupon, N, as shown in IPC-D-275. For production, a mini- 
mum of three lands of each size used on the board shall be 
tested. 

3.3 Materials and Configurations Tested 

3.3.1 Printed boards and substrate materials used for sur- 
face mount printed boards 

3.3.2 Finishes used on surface mount lands on printed 
boards, such as tin-lead platings or coatings, gold platings, 
etc. 

3.3.3 All surface mount land sizes 




Figure 1 Coupon N, surface mounting bond strength, mm, nominal 



Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only 
and its use or adaptation is entirety voluntary. IPC disclaims all liability of any kind as to the use. application, oradaptation of this 
material. Users are also wholly responsible for protecting themselves against all claims or liabilities for patent infringement. 
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC. 
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4 Apparatus 

4.1 Force Testers All force testers must have maximum 
force retention capability. All force testers must fiave capacity 
from kg to 14 kg. Suggested force testers include the fol- 
lowing: 

4.1.1 Hand Held— Ametek Accurforce Cadet Digital Force 
Gauge, or equivalent 

4.1.2 Hand Held— Ametek L-20 Force Gauge (Dial Indica- 
tor), or equivalent 

4.1.3 Automatic— Unite-0-t\/latic with Houston Instruments 
-200Cr Recorder, Instron, Tinius-Olson with Recorders, or 
equivalent 

4.2 A standard pin made of steel core (1018 wire), which 
has been copper clad with a thickness of 0.038 mm minimum 
copper covered by a solder coating consisting of 63% {by 
weight) of tin, with the remaining lead, and a thickness of 
between 7 [jm and 10 pm. 

Standard test pins are pre-tlnned. 

Measurements are: 



Overall Length 


30 mm 


Head Diameter 


1,6 mm 


Shaft Diameter 


0.5 mm 



4.3 Soldering Iron 60-watt soldering iron capable of pro- 
ducing a tip temperature of 232°C to 260°C 



t 

Pun 



PnttnudNaU 



Copper 




Rnkl Mcul (Cold /Tln-Lcid) 



t 
But laminate 



Figure 2 Pin Soldered to Land 

5.1.2 Pre-clean the specimen and standard test pin using 
75% by volume isopropyl alcohol and 25% by volume distilled 
water. 

5.1.3 With the soldering iron, develop a tip temperature of 
232°C to 260°C and solder the pin head onto the center of 
the surface mount land. Soldering of the pin head shall be 
accomplished by the use of fixturing or any other means of 
ensuring a 90° ± 5° perpendicularity of the pin with respect to 
the surface of the land (see Figure 2). 

5.1.4 The iron shall be applied to the pin and the land and 

shall be applied only as long as necessary to perform the sol- 
dering operation. 

5.2 Procedure 



4.4 Optical inspection aid, cable of lOx magnification mini- 
mum, or equivalent 

5 Test 

5.1 Preparation 

5.1.1 Measure the dimensions of the surface mount lands 
using magnifications not less than lOx (lOx to 30x preferred). 
Calculate and record the surface area of the land before sol- 
dering the headed pin. 

For production testing, use three of each land size used on 
the associated board. 

For qualification testing, use five of each land size shown .in 
Coupon N of lPC-D-275. 



5.2.1 Upon completion of the soldering, place the speci- 
mens either in the base specimen receptacle of the automatic 
tensile tester or the hand held tester (see Figure 3). Testing is 
at ambient room .temperature, T8°C to 30°C, unless a speci- 
fied use temperature is designated. 

5.2.2 Clamp the loose end of the pin in the jaws of the 
tester. 

5.2.3 Pull the pin perpendicular at an approximate rate of 50 
mm per minute until failure occurs or the force exceeds the 
specified value required for this test (perpendicular is consid- 
ered within 5% of 90°), 



30 



IS 15479 : 2004 
lEC/PAS 62293(2001) 



IPC-TM-650 


Number 
2.4.21.1 


Subject 
Bond Strength, Surface Mount Lands Perpendicular Pull Method 


Date 
5/91 


Revision 
C 









1 


» 






1 14.6 1 


Ptundi 


|;;OiPiPi 












IB 


1 C.-ZJ 


, / 


/ ^ 


• • 


L. 


r^ 


J 1 




/ 








^ 




/ 




Ji 







Figure 3 Pull Tester 



5.3 Evaluation 

5.3.1 Record the force in units as measured by the force 
tester required to produce the bond /allure or the measured 
force that exceeds the specified value. Force units are those 
measured by the force test equipment. 

5.3.2 Examine the conductor square area with 10X to 30X 
magnification to determine failure mode. Each conductor land 
shall be classified Into one of the following categories. 

A) No failure of the bond of the surface mount land from the 
substrate was observed and the specimen withstood the 
specified required force per surface area as stated in the 
appropriate specification, 

B) Separation of the surface mount land from the substrate 

C) The land remained bonded to the substrate and the stan- 
dard test pin broke. 



D) The solder joint failed by the standard test pin pulling off the 
land. 

E) The solder joint pulled off the land (poor wetting). 

5.3.3 Breaking off of a lest pin or a test pin pull out shall not 
be considered as a failure, but a new standard pin shall be 
soldered onto a new land and pull tested. If failures continue 
to occur at non-land/substrate areas, a larger, stronger pin 
may be used to determine exact values of the land/substrate 
interface bond strength. 

5.3.4 Specimens that fall to meet the requirements should 
be photographed, If desired, to be Included In a test report. 

6 Notes 

6.1 The Square Area Concept One of the most significant 
variables encountered Is the difficulty in comparing bond 
strength test results with the large vahety of land sizes. 

By calculating the surface area on each land, one can group 
sizes to develop accurate evaluations for a wide variety of land 
sizes. 

6.2 Variables to be considered are: 

• Variable land sizes on a given board (surface areas) 

• Base material or substrate 

• Foil formations (dendrites) 

• Finished metals (fused T-L and gold, nickel, etc.) 

• Operator variables 

• Soldering techniques 

• Mode of failure (land removal vs. test nail break, etc) 

6.3 Suggested sources for standard headed pin: 
IPC 

2215 Sanders Road 
Northbrook, IL 50062-6135 
(847) 509-9700 

6.4 The test data that was generated as part of the devel- 
opment of this test method may be found In "Preliminary IPC 
Round Robin Study on Bond Strength (Breakaway) Test of 
Surface Mount Lands," Copies of this report are available 
through the IPC office. Further studies are being planned by 
the IPC Test Methods Subcommittee, The subcommittee also 
requests that any test data or any suggestions in improving 
this method be submitted to the IPC office. 
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1.0 Scope Four procedures are presented to determine the 
bow and twist of eittier cut to size panels or finished rigid 
printed circuit boards including single and double sided, mul- 
tilayer and the ngid segments of rigid flex printed circuits. 

1.1 Definitions 

1.1.1 Bow IS defined in IPC-T-50 as "The deviation from 
flatness of a board characterized by a roughly cylindrical or 
spherical curvature such that if the board is rectangular its four 
corners are in the same plane (see Figure 1)." 

1.1.2 Twist is defined in lPC-T-50 as "The deformation of a 
board parallel to a diagonal of a rectangular sheet such that 
one of the corners is not in the plane containing the other 
three corners (see Figure 2)." 

2.0 Applicable Documents 
IPC-T-50 Terms and Definitions 

3.0 Test Specimen 

3.1 Specimens 

3.1.1 Cut-to-size panels 

3.1.2 Finished boards (single side, double sided, multilayer, 
rigid/flex finished board or coupons) 

4.0 Apparatus 

4.1 Precision surface plate 




Points "A", 
"B", "C" 
Touching Base 



TWIST 



Figure 2 

4.2 Standard metrology height dial indicator gauge 

4.3 Thickness measurement feeler gauges 

4.4 Standard pin gauges 

4.5 Leveling jacks 

4.6 Gauge blocks 

4.7 Shims of suitable thickness 

4.8 Linear measuring devices of suitable accuracy 

4.9 One inch micrometer 

5.0 Procedures 

5.1 Procedure No. 1 (Bow) (As illustrated in Figure 1) 

5.1.1 Place the sample to be measured on the datum sur- 
face with the convex of the sample facing upwards. For each 
edge, apply sufficient pressure on both corners of the sample 
to insure contact with the surface. Take a reading with the dial 
indicator at the maximum vertical displacement of this edge 
denoted as R1 in Figure 3. 

Repeat this procedure until all four edges of the sample have 
been measured. It may be necessary to turn the sample over 
to accomplish this. Identify the edge with the greatest devia- 
tion from the datum. This is the edge to be measured per 
paragraph 5.1.2 and 5.1.3. 



Material in this Test Methods Manual was voJuntarily established -by Technical Committees of the IPC, This material Is advisory only 
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Figure 3 

5.1.2 Take a reading with the dial Indicator at the corner of 
the sample contacting the datum surface, or determine R2 by 
measuring the thickness of the sample with a micrometer 
(denoted R2 in Figure 3). 

5.1.3 Apply sufficient pressure so that the entire edge con- 
tacts the datum surface. Measure the length of the edge and 
denote as "L". 

5.1.4 Calculate bow for this edge as follows; 

R1 - R2 



Percent Bow 



X 100 



The result of this calculation is the % of bow. 

Repeat the procedure for the other three edges and record 
the largest value % of bow for the sample. 

5.2 Procedure No. 2 fTwist) 

5.2.1 Place the sample to be measured on the datum sur- 
face with any three corners of the sample touching the sur- 
face. Apply sufficient pressure to insure that three corners are 
in contact with the datum surface. Take a measurement from 
the datum surface to the lifted corner and record the reading. 

Repeat this procedure until all four corners of the sample have 
been measured. It may be necessary to turn the sample over 
to accomplish this. Identify the corner with the greatest devia- 
tion from the datum. This is the corner to be measured per 
paragraph 5.2.2 and 5.2.3. 

5.2.2 Place the sample to be measured on the datum sur- 
face with three comers touching the surface, insert suitable 
shims under the raised corner so that it is just supported. 
When the correct shim thickness is used the three corners will 
be in contact with the datum surface without applying pres- 
sure to any corner. 



5.2.3 Without exerting any undue pressure on the sample, 
take a reading with the dial indicator at the maximum vertical 
displacement (denoted R1 in Figure 4) and record the reading. 

Without disturbing the sample, take a reading with the dial 
indicator on the topic surface of the sample at the edge con- 
tacting the datum surface or determine R2 by measuring the 
thickness of the sample with a micrometer. 

Note: For fabricated boards, both readings must be made on 
base material. 

5.2.4 Measure the diagonal of the sample (for rectangular 
boards) and record the reading. For nonrectangular boards 
measure from the corners exhibiting displacement diagonally 
to the point on the opposite end of the board. 

5.2.5 Calculation 

5.2.5.1 Deduct R2 reading from R1 reading (this value is 
divided by 2 in the formufa defined in 5.2.5.2 because of the 
method of measurement) doubles the vertical defection. 

5.2.5.2 Divide the measured deviation (para. 5.2.5.2) by the 
recorded length and multiply by 100. The result of this calcu- 
lation is the % of twist. 



Percent Twist 



R1 - R2 



X 100 



(2) (Length) 
5.3 Procedure No. 3 Twist Referee Test 

5.3.1 Place the sample to be measured on the datum sur- 
face with the two lower opposite corners touching the datum 
surface or on raised parallel surfaces of equal height from the 
datum surface (Figure 5A). 
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Figure 5a 
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Figure 5b 

5.3.2 Support the other two corners with leveling jacks or 
other appropriate devices ensuring that the two raised corners 
are of equal height from the datum surface. This may be 
checked by using the dial indicator (Figure 5B). 

5.3.3 With the dial indicator, measure the highest raised 
portion on the board and record the reading as R1 (Figure 
5C). 



5.3.4 Without disturbing the sample, take a reading with the 
dial indicator on one of the corners contacting the surface {R2) 
and record the reading (Figure 5C). 

5.3.5 Measure the diagonal of the sample (for rectangular 
boards) and record the reading. For nonrectangular boards 
measure from the corner exhibiting maximum displacement 
diagonally to the point on the opposite end of the board. 
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Figure 6 

5.3.6 Calculation 

5.3.6.1 Deduct the measurement R2 from the measurement 
R1 . This difference is denoted as twist. 



5.4 Procedure 4, Production Testing (Bow and Twist) 

Having previously determined the maximum allowable devia- 
tion of a tioard from a flat plane, the following GO-NO GO 
procedures may be used. 

5.4.1 With both corners of an edge touching the datum sur- 
face and using a suitable l<nown dimensional standard such 
as a pin gauge or feeler gauge, conforming to the maximum 
allowable deviation (5.4), attempt to insert the gauge between 
the raised portion of the board and the datum surface 
(Figure 6). 

5.4.2 Attempt to insert gauge conforming to the allowable 
surface dimension between the raised edge of the board and 
the datum (Figure 7). 



5.3.6.2 Divide the measured deviation (para. 5.3.6.1) by the 
recorded length and multiply by 100. The result of this calcu- 
lation is the % of twist. 

Percent Twist = BljlE^ x lOO 




5.4.3 If the gauge does not enter the gap, the board will 
have met the bow/twist criteria. 

5.5 Notes 

5.5.1 Forms of distortion other than as defined in this lest 
method (such as multiple convolutions) cannot be evaluated 
accurately by these test methods and therefore should receive 
special attention. 



Figure 7 
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1.0 Scope The dielectric withstanding voltage test (also 
called high. potential, over potential, voltage breakdown, or 
dielectric strength test) consists of the application of a voltage 
higher than rated voltage for a specific time between mutually 
isolated portions of a PWB or between isolated portions and 
ground. This is used to prove that the PWB can operate safely 
at its rated voltage and withstand momentary over potentials 
due to switching, surges, and other similar phenomena. 
Although this test is often called a voltage breakdown or 
dielectric strength test, it is not intended that this test cause 
insulation breakdown or that it be used for detecting corona, 
rather it serves to determine whether insulating materials 
and/or conductor spacings are adequate, 

2.0 Applicable Documents None 

3.0 Test Specimen The test specimen shall be comprised 
of a minimum of two conductor lines per conductive layer, 
sufficient to allow a voltage to be applied between adjacent 
conductor patterns both ttetween conductive layers and on 
the same ronductive layer (see note 6,1). 

4.0 Apparatus or Material 

4.1 A high voltage source capable of supplying the specified 
voltage with a tolerance of ± 5% (see note 6.2). 

4.2 A voltage measuring device with an accuracy of 5%. If 
leakage current measuring capability is required, the device 
shall be capable of detecting the leakage current to within 5% 
of the requirement. 

4.3 Soft bristle brush 

4.4 Deionized or distilled water (2 megohm-cm minimum 
resistivity recommended) 

4.5 Isopropyl alcohol 

4.6 Drying oven 
5.0 Procedure 



5.1 Specimen Preparation (see note 6.3) 

5.1.1 Positive, permanent, and non-contaminating identifi- 
cation of test specimen is of paramount importance. 

5.1.2 Visually inspect the test specimens for any obvious 
defects, as described in the applicable performance specifica- 
tion. If there is any doubt about the overall quality of any test 
specimen, the test specimen should be replaced and this 
replacement noted. 

5.1.3 Solder single stranded (to simulate discrete compo- 
nent axial leads) polytetrafluroethylene (PTFE) insulated wires 
in each of the connection points of the test specimens. These 
wires will be used to connect the test patterns of the test 
specimens to the high voltage source. 

5.1.4 Wet test lead terminals with deionized or distilled 
water and scrub with a soft bristle brush for a minimum of 30 
seconds. During the remainder of the test specimen prepara- 
tion, handle test specimens by the edges only (see note 6.4), 

5.1.5 Spray rinse thoroughly with deionized or distilled 
water. Hold test specimen at an approximate 30° angle and 
spray from top to bottom. 

5.1.6 Wet test lead terminals with clean isopropyl alcohol 
and agitate for a minimum of 30 seconds. Scrub with a soft 
bristle brush to remove flux residue. 

5.1.7 Rinse cleaned area thoroughly with fresh isopropyl 
alcohol. 

5.1.8 Dry test specimens in a drying oven for a minimum of 
three hours at an oven temperature of between 49 to 60°C 
(120 to 140°F). 

5.1.9 Allow the test specimens to cool to room temperature, 
(see note 6.5) 

5.2 Test (see note 6.6) 
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5.2.1 Raise the test voltage from zero to one of the follow- 
ing specified test condition values (see note 6.2) as uniformly 
as possible, at a rate of approximately 100 volts DC per sec- 
ond. If the test condition is not specified Condition A shall be 
the default. 

Condition A: 50O-h15/-0 volts DC 
Condition B: T000+25/-0 volts DC 

5.2.2 Maintain the test voltage at the specified value for a 
period of 30+3/-0 seconds. 

5.2.3 Upon completion of the test, the test voltage shall be 
gradually reduced to avoid surges. 

5.3 Evaluation Examine the test specimens and note any 
evidence of inadequate insulating materials and/or conductor 
spacing {i.e., visually inspect for flashover, sparkover or break- 
down between conductor patterns or between conductor pat- 
terns and mounting hardware). 

6.0 Notes 

6.1 Recommended test specimens include "Y" test pat- 
terns (also referred to as "E" test coupons) or "comb pat- 
terns." Production printed boards may also be used as test 

specimens. 



6.3 This test method may be performed on test specimens 
which have previously been prepared and tested for moisture 
and insulation resistance. 

6.4 Alternative cleaning procedures may be implemented if 
there is a concern that scrubbing will adversely affect test 
results, i.e., when the test specimens have very fine spacing 
and/or are plated with soft metals (tin/lead, gold, etc.). 

6.5 Insulating compound (conformal coating) may be 
applied to the test specimens following soldering and clean- 
ing. Any coating application and cure shall be as specified by 
the coating supplier. 

6.6 The testing process outlined in section 5.2 should be 
used for qualification testing. For in-piant quality conformance 
testing, the following testing modifications may be chosen: 

6.6.1 At the option of the customer, reduced time with a 
possible correlated higher test voltage may be used. 

6.6.2 At the option of the customer, an AC test voltage may 
applied. 

6.6.3 At the option of the customer, the test voltage may be 
applied instantaneously. 



6.2 Performance specifications should specify the high volt- 
age test condition and any deviations to this test method. If no 
test condition is specified, use lest condition A. 
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1.0 Scope This test method is to determine the degrada- 
tion of insulating materials by examination of the visual and 
electrical insulation resistance properties of printed board 
specimens after exposure to high humidity and heat condi- 
tions. This method allows testing with (Method A) or without 
(Method B) Conformal Coating, When not specified, Method A 
is the default method. 



4.7 Isopropyl alcohol. 

4.8 Drying oven(s) capable of maintaining 50 ± 5°C (1 22 ± 
9°?) and 125 ± 5°C (248 ± 9°F). 

4.9 Insulating compound (conformal coating) which con- 
forms to MIL-l-46058 or iPC-CC-830. 



2.0 Applicable Documents 

MIL-l-46058 Insulating Compound, Electrical (For Coated 
Printed Circuit Assemblies) 

IPC-CC-830 Qualification and Performance, Insulating Com- 
pounds for Printed Circuits Assemblies 

3.0 Test Specimens 

3.1 Test specimens shall be comprised of a minimum of two 
conductor lines per conductive layer, sufficient to allow resis- 
tance testing between adjacent conductor patterns both 
between layers and on the same layer. See Note 6.1 for 
examples of test specimen patterns recommended for this 
rest method. 

4.0 Apparatus or Material 

4.1 A clean test chamber capable of programming and 
recording an environment of temperature ranging between 25 
± 2°C (77 ± 4°F) and 65 ± 2°C (149 ± 4°F), and 85 to 93% 
relative humidity. 

4.2 A power supply capable of producing a standing bias 
potential of 100 volts DC with a tolerance of ± 10%. 

4.3 A resistance meter capable of reading high resistance at 
the voltage described in the procurement documentation. 

4.4 Solder or Flux-Cored Solder Flux shall be removable 
in a manner which will not adversely affect the test specimen. 

4.5 Soft Bristle Brush. 

4.6 Deionized or distilled water (2 megohm-cm, minimum 
resistivity recommended). 



4.10 Equipment necessary to apply and cure conformal 
coating. 

5.0 Procedure 

5.1 Specimen Preparation 

5.1.1 Mark specimen with positive, permanent, and non- 
contaminating identification. 

5.1.2 Visually inspect the test specimens for any obvious 
defects, as described in the applicable performance specifica- 
tion. If any lest specimen is non-compliant, the test specimen 
should be replaced and the replacement noted. 

5.1.3 Solder single stranded (to decrease the opportunity for 
fiux contamination from the wire) insulated wire which is not 
affected by the test environment to each of the connection 
points of the test specimens. These wires will be used to con- 
nect the test patterns of the test specimens to the power 
supply and for insulation resistance testing. 

5.1.4 Clean test lead terminals with isopropyl alcohol and 
scrub with a soft bristle brush for a minimum of 30 seconds. 
During the remainder of the test specimen preparation, handle 
test specimens by the edges only. (See Note 6.2.) 

5.1. 5 Spray rinse thoroughly with fresh isopropyl alcohol. 
Hold test specimen at an approximate 30° angle and spray 
from top to bottom. 

5.1.6 Rinse cleaned area thoroughly with fresh deionized or 
distilled water. Hold test specimen at an approximate 30° 
angle and spray from top to bottom. 
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5.1.7 Dry test specimens in a drying oven for a mininnum of 
three iiours at an oven temperature of between 50 ± 5°C (1 22 
± 9°F). (See Note 6.3.) 

5.1.8 Specimen preparation for METHOD B is now com- 
pleted, continue tfie procedure wilii paragraph 5.2. 

5.1.9 METHOD A - Application of Conformal Coating. 
Continuation of Sample Preparation Apply coating to tfie 
appropriate area of tfie test specimen, in a manner concurrent 
with user's production techniques or as specified by the coat- 
ing supplier. 

5.1.10 After the application of coating, the test specimens 
are to be cured, as specified by the coating supplier. 

5.1.11 After curing, stabilize to ambient temperature, 
5.2 Test 

5.2.1 Take the Initial insulation resistance measurements at 
laboratory ambient temperature. Apply the voltage specified in 
the procurement documentation on the test specimen's test 
points as specified in paragraph 5.2.2 with the resistance 
meter, and take the reading after measurement stabilization. 

5.2.2 Test points on the test specimens shall be connected 
in a manner that will allow adjacent conductor patterns, both 
between conductor layers and on the same conductor layer, 
to alternate between the positive (+) and negative (-) terminals 
of the power supply or resistance meter. 

5.2.3 Place test specimens In chamber in a vertical position 
and under a condensation drip shield. Connect the DC volt- 
age source to the test specimen test points as indicated in 
paragraph 5.2.2. Apply a 100 ± 10 volts DC polarization volt- 
age to all test specimens. 

5.2.4 Expose test specimens to one of the following speci- 
fied test conditions: (See Note 6.4.) 

(a) Class 1 35 ± 5°C (95 ± 9°F), 85 to 93% relative humidity, 
for 4 days (static), 

(b) Class 2 50 ± 5°C (122 ± 9T), 85 to 93% relative humid- 
ity, for 7 days (static). 

(c) Class 3 20 cycles of temperature ranging from 25+5/-2°C 
(77+9/-4°F) to 65 ± 2°C, 85 to 93% relative humidity, 160 
hours total. 



5.2.4.1 Temperature cycling The following constitutes 
one complete cycle (for the class 3 lest condition). 

(a) Start test at 25+5/-2°C (77+9/-4°F), and raise tempera- 
ture at 65 ± 2°C (149 ± 4^), over a time span of 150 ± 5 
minutes. 

(b) Maintain temperature at 65 ± 2°C (149 ± 4°F) over a time 
span of 180 ± 5 minutes. 

(c) Lower temperature from 65 ± 2°C (149 ± 4°F) to 25+5/- 
2°C (77+9/-4''F) over a time span of 150 ± 5 minutes. 

There shall be no delay between cycles. Polarizing voltage 
shall be maintained throughout the 20 cycle period. The 
humidity may drop a minimum of 80% relative humidity when 
going from high to low temperature, See Figure 1 for a graphi- 
cal illustration of temperature cycling. 

5.3 Measurement 

5.3.1 Disconnect 100 volts DC polarized voltage source 
before taking any insulation resistance measurement. Insula- 
tion resistance shall be read as specified in paragraph 5.2.1 . 
Voltage polarity for measurement should be identical to that of 
the polarizing voltage. 

5.3.2 Final resistance measurements shall be made after 
removal of specimen from the chamber, and after 1 hour and 
before 2 hours stabilization at laboratory ambient tempera- 
tures. 

Any reasons for deleting values, i.e., scratches, condensation, 
bridged conductors, etc., must be noted. 

5.4 Evaluation 

5.4.1 Each test specimen shall be evaluated for insulation 
resistance quality for its class, following and/or during the ini- 
tial, wet and/or dry conditions, as applicable. 

5.4.2 After completion of all electrical testing, the test speci- 
mens shall be examined for evidence of mealing, blistering, 
delamination, or other forms of degradation, following 24 hour 
stabilization at laboratory ambient temperatures. 

6.0 Notes 

6.1 Test Pattern Examples 

6.1.1 Y" Patterns There are a variety of "Y" test patterns 
(also referred to as "E" test coupons) in various specifications 
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Figure 1 Moisture and Insulation Resistance Test Graph 

within tlie industry. See Figure 2 for an illustration of "Y" pat- 
tern test coupons. 

6.1.2 Comb Patterns Various "comb patterns" can be 
properly tested following the procedures in this document. 
The test points for comb patterns such as In Figure 3 are 1 to 
2, 2 to 3, 3 tD 4, and 4 to 5. Test points 1-3-5 are connected 
to the positive (+) terminal, and test points 2-4 are connected 
to the negative {-) terminals of the resistance meter. 

6.1.3 Production Board Testing Occasionally, production 
boards must be tested in lieu of test patterns. When this is 
required, one must use good judgment and select adjacent 
conductors for wiring terminal lands for testing, because con- 
ductor spacing and placement can affect test results. 



6.2 Documented altemative cleaning procedures may be 
implemented. As an example, if there is a concern that scrub- 
bing witi adversely affect test results, i.e., when the test speci- 
mens have very fine spacino and/or are plated with soft met- 
als (tin/lead, gold, etc.). 

6.3 If printed boards are to be stored before coating, place 
the boards in a dry non-contaminating environment. 

6.4 Performance specifications should specify the method 
of test specimen preparation, test condition class, and any 
deviations to this test method. 

6.5 The test chamber should be constructed out of materi- 
als that will not corrode or add ionic contamination to the test 
environment. 
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Figure 2 Insulation Resistance Coupon E (See Table 7-3) 




Figure 3 Typical "Comb Pattern" (from IPC-B-25A) 
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1.0 Scope This method is to determine the physical endur- 
ance of printed boards to sudden changes of temperature. It 
is designed to expose specimens to a series of high and low 
temperature excursions to cause physical fatigue. 

2.0 Applicable Documents 

IPC-D-275 Design Standard for Rigid Printed Boards and 
Rigid Printed Board Assemblies. 

3.0 Test Specimen Coupon D from IPC-D-275 or other 
suitable test coupon (see 6.1a). 

4.0 Apparatus 

4.1 An automatically controlled dual temperature environ- 
mental test chamber or other dual chamber apparatus 
capable of maintaining -65, -55, -40 _or 0°C + -5'*C |-85, 
-67, -40, -1-32T + -9°F] in the low/ temperature chamber 
and 70, 85, 105. 125, 150 or 170 +5 -OX [158, 185, 221, 
257. 302 or 338 +9 -OT) in the high temperature chamber. 

NOTE: The temperature extremes (high and low) that are 
required is dependent on the base material of the specimen 
that is to be tested (see 6.1b and the temperatures listed in 
Table 2). The recovery capacity of the test chambers shall be 
such that the internal chamber temperature shall reach the 
specified temperature within 2 minutes after the specimen(s) 
have been transferred to the test chamber. Test conditions, if 
not otherwise stated in the applicable performance specifica- 
tion (see 6.1b), shall meet the requirements of Table 2. 

4.2 An electrical resistance meter capable of accuracies of 
0.5 milliohm or better with Kelvin (4 terminal) type leads. A 
Kelvin type double bhdge or potentiometer of the specified 
accuracy may also be used (See 6.2). 

5.0 Procedure 

5.1 Preparation Wire up test specimen with Kelvin-type 
leads at the points where measurements will be made. 

5.1.1 Operate chamber (or chambers) and allow to stabilize 
at the high and low temperature required. Clamp or suspend 



test specimen in the approximate center of the high tempera- 
ture chamber. Test specimens shall be placed approximately 
1 3 mm [0.5 inches] apart and aligned in a manner to permit 
maximum heat transfer to test speclmen(s). 

5.2 Test 

5.2.1 Thermal Shock Cycle 

5.2.1.1 The test specimens shall be subjected to 100 tem- 
perature cycles in accordance with Table 1 . 

5.2.1.2 Transfer time between chambers shall t>e less than 
2 minutes. The thermal capacity of the test chamber used 
shall be such that the ambient temperature shall reach the 
specified temperature within 2 minutes after the test specimen 
has been transferred to the appropriate chamtier. 

5.2.1.3 Interconnection resistance measurements shall be 
taken before the test, during the first cycle at high tempera- 
ture, and during the last cycle at high temperature. 

5.3 Evaluation The maximum change in resistance 
between the first and lOOth cycle shall be evaluated for 
acceptability to the requirements of the applicable perfor- 
mance specification (see 6.1c). After testing, a minimum of 3 
plated-through holes shall be microsectioned and shall be 
evaluated for acceptability to the requirements of the appli- 
cable performance specifications. 

6.0 Notes 

6.1 The following details are to be specified in the applicable 
performance specification: 

a. Test specimen, if other than specified in 3.0. 

b. Test condition, if other than specified in 4.1 . 

c. Maximum allowable change in resistance. 

6.1.1 Unless otherwise specified by the applicable perfor- 
mance specification, the following base material types/ 
temperature ratings are recommended. 
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Table 1 



Step 


Test Condition A 


Test Condition B 


Test Condition C 


Temperature 


Time 


Temperature 


Time 


Temperature 


Time 


1 
2 

3 
4 


0, +0/-5 
25, +10/-5 
+ 70, +5/-0 
25, +10/-5 


15 


15 



-40, +0/-5 
25, +1G/-5 
+85, +5/-0 
25, +10/-5 


15 


15 



-55, +0/-5 
25, +10/-5 
+ 105, +5/-0 
25, +10/-5 


15 


15 



Step 


Test Condition D 


Test Condition E 


Test Condition F 


Temperature 


Time 


Temperature 


Time 


Temperature 


Time 


1 
2 

3 
4 


-55, +0/-5 
25, +10/-5 
+ 125, +5/-0 
25, +10/- 5 


15 


15 



-65, +0/-5 
25, +10/-5 
+ 150, +5/-0 
25, +1G/-5 


15 


15 



-65, +0/-5 
25, +10/-5 
+ 170, +5/-0 
25, +10/-5 


15 


15 




Tolerance stiall be *2 and -0 minutes. 



Table 2 



Base Material Type 


Test Condition 


Military 


NEMA 






A 


GP, GT, GX, GY 




B 


GE 


G-10 


C 


AF, BF, Bl, CF, GF, GB 


FR-4 


D 


GH, GM 


FR-5 


E 


Al, Gl, Ql 




F 



6.2 Suggested sources for capable test equipment: 

Cambridge Technology 
Model 5 IDA Micro-Ohmmeter 
23 Elm Street 
Wateriown, MA 02172 
(617) 923-1181 

Hewlett-Packard 

Model 4338A Milliohmmeter 

9800 Mulrlands Avenue 

Irvine, CA 92718 

(714)472-3000 

Keithty Instruments 
Model 580 
Micro-Ohmmeter 
28775 Aurora Road 
Cleveland, OH 44139 
(800) 552-1115 
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1 .0 Scope This test is performed for the purpose of deter- 
mining whether plated through-holes can withstand the ther- 
modynamic effects of the extreme heat to which they may be 
exposed during the assembly, rework, or repair process. 

2.0 Applicable Documents 

J-STD-001 Requirements for Soldered Electrical and Elec- 
tronic Assemblies 

J-STD-004 Requirements for Soldering Fluxes 

IPC-TM-6S0 Method 2,1.1, Microsectioning 

IPC-TM-650 Method 2.1.1.2, Microsectioning— Semi or 
Automatic Technique Microsection Equipment (Alternate) 

3.0 Test Specimen 

3.1 The test specimen shall be a printed board or test cou- 
pon which will allow at least three of the smallest size plated 
through-holes to be viewed in the finished microsection. 

3.2 The test specimen shall be removed from a printed 
board or test coupon as specified in IPC-TM-650, Method 
2,1.1 or Method 2.1.1.2. 

4.0 Apparatus or Material 

4.1 Drying oven capable of maintaining a uniform tempera- 
ture between 121°C to 149°C. 

4.2 Solder pot, electrically heated, thermostatically con- 
trolled, of sufficient size, containing at least 0.9 kg of 
Sn60Pb40 or Sn63Pb37 solder conforming to the contami- 
nant level specified in J-STD-001. 

4.3 Thermocouple indicator or other devices to measure the 
solder temperature 19 mm ± 6.4 mm below the surface. 

4.4 Desiccator with suitable desiccant 

4.5 Microscope (1 OCX to 200X magnification). 

4.6 Stop Watch or Timer 



4.7 Rosin Flux, type R0L1 per J-STD-004, or flux agreed 
upon between customer and vender. 

4.8 Tongs 

4.9 Suitable solvent for flux removal following the thermal 
stress such as isopropyl alcohol, 

5.0 Procedure 

5.1 The test specimen shall be conditioned by drying in an 
oven for an appropriate period at IZI'C to 149°C to remove 
the moisture in the specimen. For referee purposes, a dry for 
a minimum of 6 hours at 121°C to 149°C shall be used. 
Thicker or more complex specimens may require longer bak- 
ing times. 

5.2 Place the test specimen in a desiccator on a ceramic 
plate to cool to room temperature. 

5.3 Remove the test specimen from the desiccator using 
tongs. Flux coat the surface and plated through-holes to 
insure solder filling. 

5.4 Verify that the temperature of the solder (at a probe 
depth of 19 mm ± 6.4 mm from the surface of the solder) is 
maintained at one of the following specified test conditions 
(see note 6.1): 

(a) Test condition A (default) 288°C ± 5°C 

(b)Test condition B 260°C ± 5°C 

(c) Test condition C 232''C ± 5°C 

5.5 Remove the dross from the solder pot surface and lay 
the test specimen on the solder for 10 seconds -i-l, -0 sec- 
onds (see note 5.2). 

5.6 Using tongs, carefully remove the test specimen from 
the solder and place It on a piece of insulator to cool to room 
temperature. See note 6.3. 

5.7 Evaluation 



Material in this Test Methods Mamjal was voluntarily established by Technical Committees of the IPC- This material is advisory only 
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation oi this 
material. Users are also wholly responsible for protecting themselves against all claims or liabilities for patent infringement. 
Equipment referenced is for the convenience of the user and does nof imply endorsement by the IPC. 

44 



IS 15479 : 2004 
lEC/PAS 62293 (2001) 



IPC-TM-650 


Number 
2.6.8 


Subject 
Thermal Stress, Plated-Through Holes 


Date 
3/98 


Revision 
D 



5.7.1 After cleaning, microsection the specimen as defined 
in IPC-TM-650, Method 2.1.1 or Method 2.1.1.2. 

5.7.2 Examine the microsection for compliance of the plated 
through-holes to the applicable performance specification 
requirements. Any non-conformities shall be noted. 

6. Notes 

6.1 Performance specifications should specify the test con- 
dition and any deviations to this test method. If no test condi- 
tion is specified, use test condition A. 

6.2 The test specimen is not to be held against the surface 
of the molten solder. 

6.3 Do not physically shock specimen while the solder in the 
plated through-holes is still liquid. 
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1.0 Scope To determine tine resistance of the lanninate to 
thermal stress In both the etched and unetched state. 

2.0 Applicable Documents 
IPC-TM-650 Methods 2.3.6, 2.3.7, 2.3.7.1 

3.0 Apparatus 

3.1 Solder pot capable of maintaining the temperature on 
the applicable specification sheet for the material ± 2°F and 
accepting a 2 x 2 Inch test specimen or equivalent. 

3.2 Dow Corning Fluid #704 or equivalent. 

4.0 Test Specimens 

4.1 One (1) test specimen 2x2 inch will be cut from each 
sample sheet for the unetched specimen. 

4.2 One (1) test specimen 2x2 inch from each sample 
sheet for the etched specimen. 



4.3 The edges of the 2 x 2 inch specimen shall be sanded. 

5.0 Procedure 

5.1 Etch specimen required for thermal stress etched 
according to IPC-TM-650, Methods 2.3.6, 2.3.7, or 2.3.7.1. 

5.2 Apply silicon fluid to side of specimen that will be in 
contact with solder. 

5.3 Float the specimen on the solder for the time and at the 
temperature specified on the applicable specification sheet for 
the material. 

5.4 The clad or unclad surface should show no evidence of 
charring, loss of surface resin, softening delamination, blister- 
ing, or weave exposure. 
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1.0 Scope This test method is for characterizing the sus- 
ceptibility of potentially moisture sensitive components to 
damage during exposure to solder reflow processes. These 
include plastic surface mount components and other plastic 
encapsulated electronic components [hereafter called "pack- 
ages" in this document]. 

1.1 Purpose: Provide a standard flow and evaluation 
method to assess performance of packages to reflow condi- 
tions after moisture exposure. Moisture exposure is performed 
to simulate package history prior lo board reflow. 

2.0 Applicable Documents 

ASTM B478 Method for encapsulating PSMC for cross sec- 
tioning; and method for cross sectioning and polishing without 
causing delamination/cracking 

ASTM EI04 Method for creating 85% Relative Humidity 

ASTM E898 Method for weighing with high precision 

EIA-583 Packaging Material Standards for Moisture Sensi- 
tive Items 

EIA-JEDEC 14.1 All 3 Preconditioning of Plastic Surface 
Mount Devices Prior to Reliability Testing 

IPC-TM-650 Test Method 2.1.1, Microsectioning 

IPC-TM-650 Test Method 2.1.1.2, Semi-Automatic Equip- 
ment for MicrosectJon 

IPC-TM-650 Test Method 2.6.22, Acoustic Microscopy for 
Plastic Encapsulated Electronic Components 

IPC-SM-786 Procedures for Characterizing and Handling 
Moisture/Reflow Sensitive ICs 

IPC-MS-810 Guidelines for High Volume Microseclion 

MlL-D-3464 Type II Military Specification, Desiccant, Acti- 
vated, Bagged, Packaging Use and Static Dehumidification 

MIL-1-8835 Military Specification, Indicator, Humidity, Card, 
Chemically Impregnated 

MIL-B-81705 Type I Military Specification, Barrier Materials, 
Flexible, Electrostatic-free, Heat Scalable 

MlL-STD-883 Method 2030, Military Specification, Ultrasonic 
inspection of Die Attach 



Nondestructive Testing Handbook "Method For Using Liq- 
uid Penetrants: 'Liquid Penetrant Tests,'" Vol. 2, 2nd Ed., 
publ. American Society for Nondestructive Testing/ASM, ISBN 
087 1 70-1 26-X, 1982 

Proceedings of the 37th Electronic Components Confer- 
ence, "Immersion Cooling for High Density Packaging," 
Yokouchi, et. al., (1987) 

"Acoustic Microscopy," Metals Handbook, Volume 17, Meth- 
ods of Nondestructive Evaluation, 9th Edition, ASM Interna- 
tional, ISBN 0-87170-007-7, 1989. 

3.0 Test Specimen 

3.1 The recommended minimum sample size per cell is 10 
and recommended sample consists of more than 1 lot or date 
code. Control samples should be used to validate the data 
gathering process. A cell represents one temperature/relative 
humidity/reflow condition. Avoid contamination and mechani- 
cal damage to the packages during handling. Ensure trace- 
ability of the packages to supplier lot/date code. 

3.2 Unit Marking Mark the units with a fine-tipped dia- 
mond scribe. Make the mark as far away as possible from the 
die and die mount pad (die attach pad) - a corner area is sug- 
gested. Do not use graphite pencil "lead" marking tsecause it 
will leave residue or abrasion that may interfere with acoustic 
imaging. Do not apply excessive force when scribing compo- 
nents because mechanical stress on the package leads may 
cause or propagate small cracks al the lead/plastic interface 
into the package. Clean the packages with a short deionized 
water/and isopropyl alcohol (DI/IPA) rinse followed by a blow 
dry prior to any drying or weight determining processes. Ran- 
dom addition or removal of materials such as fingerprints, 
dust, residues or water soluble substances will affect the 
accuracy of weight gain determinations. 

4.0 Apparatus and Materials 

4.1 Heating and humidifying apparatus (temperature/ 
humidity chamber) capable of achieving and maintaining the 
required humidity and temperature. See ASTM El 04 for stan- 
dard methods for creating specific levels of moisture at given 
ambient temperatures. 
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4.1.1 Equipment capable of attaining and maintaining a 

temperature of +125C +3/-0C. 

4.2 Reflow Equipment Vapor phase soldering apparatus 
capable of heating the packages and basket without "collaps- 
ing" the vapor blanket. If the vapor blanket collapses, the test 

is invalid. 

Notes: 

1 . The VPS process is based on the heat of condensation of 
the vapor onto the surface of the components being evalu- 
ated, therefore, the temperature variation of the process is 
very small, Other reflow methods have wider variations in 
package temperature. This test method requires the use of 
VPS method in order to correlate between sites. If another 
reflow method is used, the user must show equivalence of the 
thermal profile of the package body as specified in this 
document. 

2. Because certain solder reflow processes (such as the infra- 
red solder reflow process or the hot-air solder rework pro- 
cess) may result in peak internal component temperatures 
greater than 220°C, the user should characterize each spe- 
cific process for package body temperature and consider 
package characterization data beyond the reference level. 
Specific reflow process conditions may result in packages 
which fail by package cracking even though samples pass this 
test method at the reference levels. It is up to the board 
assembly site to correlate its reflow process with the VPS 
standard process described here. For processing of compo- 
nents with temperatures greater than 220°C the component 
manufacturer and user should work as partners to identify the 
appropnate floor life level for that peak temperature. 

3. "IR" reflow soldering systems are dependent upon the 
wavelength of the IR source and the degree of use of forced 
convection and interact with the non-uniform thermal mass on 
the printed wiring assembly as well as the dissimilar surface 
areas and emmissivity of the components populating the 
printed board. For temperature/time profiles of the PWAs in 
reflow systems the ideal thermometric system avoids contact 
with the evaluation surface; IR or fiber/fluoroptic thermometry 
is indicated. Thermocouple thermometry implemented with 
very fine (0.001-0.005" diameter) thermocouple wire is suc- 
cessfully used. Phase change material in paint or crayon form 
may be used if only a peak temperature indication is desired. 

4. 'TR" reflow soldering systems have been successfully 
used to provide the "reflow simulation" indicated in this speci- 
fication, Because "IR" reflow systems are a variable source of 
heat to the device under test, this specification uses vapor 
phase reflow as the reference or referee method to be 
employed where laboratories differ in their assessment of the 



robustness of a component to moisture induced damage dur- 
ing reflow. 

4.2.1.1 Basket with low thermal mass for package retention 
in VPS. 

4.2.1.2 Thermocouple or other thermometry to verify vapor 
temperature and temperature uniformity. Micr-Ofoil thermo- 
couples, or equivalent, are recommended. 

4.2.1.3 Where mixtures of fluorocarbon fluids are used, a 
separate controller and ancillary equipment to maintain the 
fluid mixture is required. See proceedings, 37th (1987) ECC, 
"Immersion Cooling for High Density Packaging," Yokouchi 
et.al, or application notes from the manufacturers of perfluori- 
nated fluids for adjustment of boiling point by mixing fluids. 

4.2.1.4 Vapor phase soldering fluid specified to vaporize at 
-^215C, -OC, +AC. Fluid with a narrow boiling temperature 
range and the use of a non-collapsing vapor blanket should 
adequately control the peak temperature and the thermal 
transient experienced by the packages. 

4.3 Stereo low power microscope, 30X-70X with intense, 
collimated. oblique lighting source. 

4.4 Encapsulation equipment, cross sectioning saw and 
polishing equipment. See ASTM B478; IPC-TM-650, Test 
Method 2.1.1; or IPC-MS-810 for general process details. 

4.5 Apparatus capable of weighing the package with an 
accuracy of ± 0.001 % to a resolution of ± 0.0003%. See 
ASTM E898 for process details. 

4.6 Vacuum pencil or antistatic tweezers to avoid ESD and 
mechanical damage to the packages during handling and 
transfer. 

4.7 Acoustic Microscope: See IPC-TM-650 Test Method 
2,6.22, Acoustic Microscopy for Plastic Encapsulated Elec- 
tronic Components, for details of AM applicable to this analy- 
sis. 

4.8 Fluorescent or opaque penetrant liquid. For process 
information, see Volume 2 of Nondestructive Testing Hand- 
book, 2nd Edition. 

4.9 Package "cracker," opener, or vise. 
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4.10 Camera and color film. 

4.11 Metallurgical microscope with up to 400x capability. 

4.13 Etectrical/Electronic testing equipment. 

4.14 Dry air or dry nitrogen storage cabinet or scalable 
moisture barrier bag with desiccant. See MIL-B-81705, Type 
1; MIL-l-8835; and MIL-D-3464, Type 11. 

5.0 Procedure The same evaluation method(s) and criteria 
should be applied before and after each stress. See Figure 1 : 
Evaluation Flow of Acceptance Criteria. 

5.1 Prepare and mark units for evaluation per section 3. 

5.2 Electrically test the components. Record the results. 

5.3 Inspect package visually for external cracks using a 
magnification of 10 - 40X. Record observations. The vulner- 
able surfaces of the package must be visually accessible; the 
required inspection method is generally not effective for a 
package mounted onto a substrate. Use oblique (glancing 
angle) directed lighting for detection and identification of 
buigesVand cracks. Light pipes are recommended. 

5.4 Acoustic Microscopy Use AM to detect initial internal 
delamination and cracking. See IPC-TM-650 Test Method 
2.5.22. Record images and analyst's observations. If these 
parts do not meet the acceptability criteria found in IPC-SM- 
786 these parts are not usable for this test procedure. Con- 
tact the supplier of the components. 

5.5 Moisture Bake-Out Bake units 6 hours at 125°C for 
packages less than 2mm package body thickness and 24 
hours at 125C for thicker packages. 

5.6 Dry Weight (W1) Weigh units to determine the dry 
weight. Units in a cell may be weighed together. Avoid touch- 
ing the units. Record the weight. 

5.7 Moisture Introduction (soak) 

5.7.1 Ensure that the T/H chamber is stable at the required 
temperature and humidity setpoints per IPC-SM-786. 

5.7.2 Place the packages in a clean holder which allows free 
circulation of air and prevents mechanical damage. 



5.7.3 Place the holder in the chamber. See IPC-SM-786 for 
the appropriate duration. 

5.7.4 Remove the packages from the chamber. Blow off 
any surface droplets with clean dry air or dry nitrogen. Avoid 
touching the package. 

5.7.5 The units must be weighed no sooner than 1 5 minutes 
after removal from the T/H chamber. Units must be exposed 
to VPS reflow within one hour for thin packages (4 hours for 
packages 2mm or greater) from the time the packages were 
removed from the T/H chamber. 

5.8 Post Moisture Soak Weight (W2) Weigh Units Units 
in a cell may be weighed together. Avoid touching the units. 
Record the weight. Report weight changes where weight 
losses and gains are defined below. 

Weight Gain = W2-W1 

Percent Weight Gain = 100 ' (W2-W1)/W1 

5.9 Vapor Phase Reflow exposure 

5.9.1 Ensure that the vapor is at the correct temperature, 
per the thermal profile, the condensing system is functioning 
properly, and that the amount of VPS fluid is adequate. 

5.9.2 Place the packages in the holder. 

5.9.3 Lower the holder into the vapor such that the pack- 
ages are blanketed at all times by the vapor. The transition 
rate shall be 2-10°C/second. The dwell time of the packages 
in the vapor must match the attached thermal profile (immer- 
sion time: 60 ±5 sec). 

5.9.4 Raise the holder out of the vapor. Warning, the tray 
and components will be very hot! 

5.9.5 Cool at room temperature for five minutes and repeat 
sections 5.9.3 and 5.9.4 for 3 cycles, total. 



5.10 Post-reflow Electrical Test. 

components. Record the results. 



Electrically test the 



5.11 Post-reflow Visual Inspection Inspect packages 
visually for external cracks using a magnification of 10 - 30X. 
See 5.3 for correct procedure. Record observations. 
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Initial Visual & Acoustic Microscopy Moisture 
Loading/Reflow Simulation Electrical Test 




External Visual Inspection Results 



YES 



Evaluate/obtain internal damage information 

Acoustic Microscopy Images 

Cross-sections, etc. 




Assess Crack by X-Section 
or Other Means 



FAIL 



YES 



PASS 



YES 



PASS 

Classification 

J.evel Tested- 




FAIL 
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.Level Tested^ 



Figure 1 Flow of Accepting Criteria: Table 4-2 of IPC-SM-786A 
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5.12 Post-reflow Acoustic Microscopy Use AM to 

detect post-reflow internal delamination and cracking. See 
IPC-TM-650 Test Method 2.6.22. Record images and ana- 
lyst's observations. If these parts do not meet the acceptabil- 
ity criteria found in IPC-SM-786 these parts fail the tested 
level. 

5.13 Destructive Physical Analysis (DPA) / Cross Sec- 
tions Cross-sectioning is the common method of verifying 
the existence of Internal cracks and delamination. Cross- 
section through the area of interest found by acoustic micros- 
copy. Caution: The literature indicates that the act of cross 
sectioning may induce delamination where no delamination 
existed prior to DPA. DPA is recommended to verify failures 
detected by AM. 

Opaque or fliiorescent liquids can be used to highlight cracks 
or delaminations which extend to the surface of the package. 
The package must be cross-sectioned to quantify the extent 
of cracking and associated delamination. Color photomicro- 
graphs can be used to document the internal cracking/ 
delamination. 

6.0 Reporting the Results 

6.1 Report the supplier, part number (device type), package 
type, geometry and material details, lot/date code or base. 



6.2 Report time/temperature/humidity soak conditions and 
VPS profile used. 

6.3 Report package performance, PASS or FAIL. The 
acceptance criteria for moisture/reflow sensitivity classification 
levels are listed in IPC-SM-786, Paragraph 4.1.2. 

6.3.1 Visual inspection observations: number of units with 
cracks which exceed the acceptance criteria, sample size, 
and magnification used. For each unit record the location and 
size of all cracks and delaminations. 

6.3.2 Electrical test results: number of units, number of fail- 
ures, failure mode, and test temperature(s) at failure. 

6.3.3 Acoustic microscopy results as defined in IPC-TM- 
650 Test Method 2:6.22. 

6.3.4 Cross-section observations: number of units with 
cracks which exceed the acceptance criteria, sample size, 
and magnification used. For each unit record the location and 
size of all cracks and delaminations. 
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